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5 HLA BINDING PEPTIDES AND THEIR USES 

CROSS REFERENCE TO RELATED APPLICATIONS 

The present application claims 
present i application is also related to USISN ^ 
10 09/017;735;USSN;08/753i622;U 
08/589,108; USSN 08/45^ 

08/073^205; and USSN 08/027,146. The present application is also related to USSN 
09/017,524; USSN 08/821,739; USSN 60/013,833; USSN 08/7 USSN ' 

08/589,107; USSN 08/451,913 and to USSN 

15 08/1 59,339; USSN 09/1 16,061 ; USSN 08/103,3%; USSN 

07/926,666. The present application is ^sb; related to USSN 09/0 1 7,743 ; USSN 
08/753,61 5; USSN 08/590,298; USSN 08/45^843; USSN; 09/1 15,400; USSN • 
08/344,824; and USSN 08/278,634. The present application is also related to USSN 
08/197,484 and USSN 08/815,396. All of the above applications are incorporated herein 

20 • by reference. . 


BACKGROUND OF THE INVENT 
The present invention relates to compositions an^^ 
or diagnosing a number bf pathological states such viral diseases and cancers. ; In 
25 particular, it provides novel peptides capable of binding selected major histocompatibility 
complex (MHC) molecules and inducing ah immune response, 

MHC molecules are classified as either class I or class II molecules. Class II 
MHC molecules are expressed primarily oh cells involved in initiating and sustaining 
immune responses, such as T lymphocytes, B lymphocytes, macrophages, etc. Glass II 
30 MHC molecules are recognized by helper T lymphocytes and induce proliferation of 
helper T lymphocytes and amplification of the immune response to the particular 
iirimunogehic peptide that is displayed. Class I MHC molecules are expressed on almost 
all nucleated cells and are recognized by cytotoxic T lymphocytes (CTLs), which then 
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destroy the antigen-bearing cells. CTLs are particularly important in tumor rejection and 
in fighting viral infections. 

The CTL recognizes the antigen in the form of a peptide fragment bound to the 
MHC cl^s I molecules rather than the intact foreign suitigen itsd^^ The antigen must 
5 normally be ehddgehously synthesized by the celljia^ of the pihotein antigen is r 

degraded into small peptide fm ; 
translocate into a pre-Gplgi compartment and iritieract with class I h^ 
facilitate proper folding aiid 
: MHC class I complex is then routed to the cell surface for expression and potential 
1Q " recognition by sp^ific GTl,^ , 
Investigations of ^ 
A2.1 vindicate that a peptide bining groove is created 

domains of the class I heavy chain (Bjorkman et al . Nature 329:506 ( 1987). In these 
investigations, however, the identity of peptides bound to the groove was not determined. 

15 Buus et ah, Science 242:1065 (1988) first described a method for acid elution of 

bound peptides from MHC. Subsequently, Rammensee and his coworkers (Falk etaL, 
A/iarure 35 1 :290 (1 991 ) have developed an approach to characterize naturally processed 
peptides bound to class I molecules. Other investigators have successfully achieved 
direct amino acid sequencing of the more abundant peptides^ m fractions by 

20 conventional automated s^uOTcing 

type (Jardetzky, etaL, Nature 353:326 (1991) and of the A2vl type by mass spectrometry 
(Hunt, et aL, Science 225:1261 (1992). A review of the characterization of naturally 
processed peptides in class I has been presented by 
Immunol ft (1991): 

25 Sette etaL, Proa NatL Acad: Set USA 86:3296 (1989) sho^ 

specific motifs could be used to predict MHC binding capacity. Schaeffer et aL, Proa 
Natl Acad: Sci. USA 86:4649 (1989) showed that MHC binding was related to 
ifhmimogenicity Several auth^ 

(1991); Pamer et aL , Afeft/re 353:852-955 (1991)) have provided preliminary evidence 
30 that class I binding motifs can be appli^ to the identification of potential im^ 

peptides in animal models. Class I motifs specific for a number of human alleles of a 
given class I isotj^ie have yet to be described. It is desirable that the combined 


WO 01/00225 


3 


PCT/US00/17842 


frequencies of these different allel^ enough to cover a large fractibnor 

perhaps the majority of the 

Despite the developments in art has yet to provide a useful hum 

epitope-based vaccine or therapeutic agent based on this work. The present invention 
5 provides these and oth 

SUMMARY OF THE INVENTION 
; The present invention proNddes compositions comprising immunogenic peptides 
: ^1^ : 
; 10 ; ; ft ^luc^ lri^ MHC a! lelb; comprise epitopes; 

from 8-1 1 amino acids in leri^ ofteh 9 to residues in length, that comprise co^^i^ 
residues at certain positions si^ C-terminal position^ M 

thep^ residues as defined herein at 

other positions such as, in an HLA-A2 ; i m^ positions 1 , 3, 6 and/pr 7 

15 in the case of peptides 9 ammo ^ids:^ and positions 1, 3, 4, 5, 7, 8 aiid/or 9 in the : 
: case of peptides 10 amino aci^ : 

The present invention defines positions^^^ a motif enabling the selection of 

20 the second position from the N-tOTninus selected from the group consisting of L, M; I, V, 

A*T^^^ 

group consisting of V, L, I, A, M, ahd T. In a preferred embodiment, the peptide may 
have a first conserved residue at the se^ the N-terminiis selected from 

^ residue at the Grt^rmihal 

^5 position selected fi^ and T. Secondary anchor 

specificities have also been defiri^ for motif : 

The primary anchor residues of the HLA- define this HLA-Aii 

supermotif; which presence hi peptide ligahds corresponds to the ability to bind several 
different HLA-A2 supeiytpe mpl^ supermotif comprises p^tide 

30 ligands with L, I, V, M, A, T, or Q as ai primary anchor residue at position 2 and L, I, V; 
M, A, or T as a primary anchor residue at the C-ten^ of the epitope. 
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T^ 

binds these p A*0201, A*0202, A*0203, A*0204; 

: A*0205, A*p206|^ 

The pra also provides compositions comprising immxincygeoic : 

5 p^tides haying binding motifs fo molecules; The in^im 

peptides are typically between about 8 and about 11 residues, often 9 or 10 residues in 
lengthj and eompn residues involved in binding proteins encoded by the 

appropriate MHC allele; A number of allele specific motifs have been identified/ 

The HLA-A1 motif is characterized by the presence in p^ ligands of T, S, or 
10 M ias a primary anchor residue at position 2 and Ae presence of Y as a primary anchor 
residue at the C-tenninal position of the epitope: An alternative A 1 motif : 

is chai^terized by a primary anchor^ ^ 3 rather than position 2.' >^sV : v'v : ^;3PF'": 

motif is characterized by the presence of D, E, A, or S as a primary anchor residue in ; 
. posirion 3, ^d a Y ^ anchor residue at the C-terminal position of the epitope 

15 (see, e.g., DiBrino et a/., J. Immunol., 1 52:620, 1 994; Kondo et al , Immunogeneiics 

45:249, 1997; and Kubo er a/. , J. Immunol 152:3913, 1994 for reviews of relevant dkta) 
The HLA-A3 motif is characterized by the presence in peptide ligands of L, M, V, 
K y T,V,Cy G, or D as a primary anchor residue at position 2, and the presence ofK, 
Y j R, H, F, or A as a primary anchor residue at the C-terminal position of the epitope 
20 (see, e.g., DiBrino etaL, Prod. Natl A cad. Sci USA 90:1508, 1993; and Kubo etat, J. 
\ Immunol 152:3913^3924, 1994); 

Thib HLA-Al 1 motif is characterized by the pr^ehce^m ligands of % ''T9%M0M 

■ M, L, 1, S, G, N, G, P, or F as a primary anchor residue in position 2, and R, 
H as a primary anchor residue at the C-tenninal position of ^ 
25 al, Proc M and Kubo etal, J. Imrnundl 

■ 152:3913-3924,1994). 

HLA-A3 and HLA-A1 1 are members of the HLArA3 supertype family. The 
HLA-A3supermotif is characterized by the presence in peptide ligands of A, L, I, V, M, 
S, or, T a prim^ mchor at position 2, and a'positiyely charged residue, R or K; .at .tliO: : ^ " 
30 C-terminal position of the epitope, e;g: r in position 9 of 9-mers (see, e.g. , Sidney, erai^g-^ 
Hum. Immunol 45:79, 1 996). Exemplary members of the corresponding family iof H^: ■ 
molecules (the HLA-A3 supertype) that bind the ^ superinplif include A 
A*l 101, A*3101y A*3301, and A*6801. , : 
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The HLA-A24 motif is characterized by the presence in peptide ligands of 
W, or M as a primary anchor residue in position 2, and F, or W as a primary anchor 
residue at the C-terminal position of the epitope (see, e.g. ; Kdndp et al , J. Immunol^ 
\ ; 155:4307-43 12, 1995; md Kubo et al, 1 Immunol 152:3913-3924, 1994). 
5 The invention also comprises peptides comprising epitopes containing an HLA- 

B7 supentiotif. i^e epitopes am 8-11 9 or 10 amino acids in 

length, and comprise conserved residues of at proline ^ 

W, F) or hydrophobic residue (eg. , L/ 1; V, M, A) at ^ G-teriminal position of 
the epitope. Peptides bearing an HLA-B7 supermotif bind to more than one HIA-B7 
10 supertype family 'mtoibCT^iTOie corresponding family of HLA mblecid^ bind the B7 

comprised of at lei^ 
; piroteihs comprising at least: B*0702, B*0703; ; B*0704; B*0705i B^i508, B*3501, 
B*3502, B*3503, .6*3504, B*35 05 9 B*3506, B*3507;B*35oi ^510l|B*5102, 
B*51O3,B*51O4,B*5i05,B*^^^^ 
15 B*6701,andB*7801 ^ (5^, ^ Sidney, aL, J Immunol 154:247, 1995; Barber, etal, 
;\;Curr t BiblW 
; Immunogenetics 41 : 1 78, 1995). • 

Epitopes on a number of immunogenic target proteins, /. e. , target antigens, have 
been identified. Examples of suitable antigens include to 
20 tyrosinase related proteins 1 and 2 (TRP1 and TRP), which are frequently associated with 
melanoma; p53, CEA, Her2/neu, and MAGE, including MAGE 1 , MAGE2, and MAGE3 , 
which are expressed on a broad range of tumors; prostate ^ 
; as prostate specific antigen (PSA), human kalhkrein (huK2), prostate specific membrane ■ 
; antigen (PSM), and prostatic acid phosphatase (PAP) ; antigens fern v^ such as 
25 hepatitis B (e.g., HBV core and surface antigens (HBVc, HB Vs)) hepatitis C, Epstein- 
Barr virus, human immunodeficiency type- 1 virus (HTV1), Kaposi's sarcoma herpes 
(KSHV), human papilloma \dnis (HPV), influenza virus, and Lassa virus an 
Mycobacterium tuberculosis QAT) antigens, tiypanosome, eg , ^ 
cruzi), antigens such as surface antigen (TSA), and malaria antigens^ v 
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DEFD^IONS 

The term "peptide" is used interchangeably with "oligopeptide" iri^^ 
specification to designate a series of residues, typically L-aminp ;ac 
the other, typically by peptide bonds b^een the a-amirio arid c 
5 adjacent amino acids. The preferred C of the invention are 13 

residues or less in length and usually consist of bet^ 
. : - • preferably 9 or 10 residues. 

With regard to a particular amino acid sequence, aii "^itcipe" is £ set of amino V; 
which is involved in recpgnition by a particular immurk)^^ or iii the! ; 
10 i : ^c&text of T ceils, those residues necessary fbrrecp^ : r&^ 

and/or Major HistpcbmpatibiUty Complex ^ In an iihmurie sy|t^iii 

setting, in vivo or in vitro, an epitope is the <^ 
primary^ secondary and 
; recognized by an immunoglobulin, T cell receptor or HLA molecule. Throughout tW 
15 i disclosure epitope and peptide are oftra used ^ 
It is to be appreciated that protein m p 
of the invention as well as additional amino acid(s) are still within the boM^s o^ the 
invention. In certain embodiments, there is a limitation on the length of i peptide of the 
invention : The embodiment that is lragth^j^ 
20 comprising an epitope of the invention ro^ 
ai^o ^ids) having 100% identity with a h^ 
definition of q>itope from reading; 
bn ithe length of any region that ^ 
for a peptide comprising an epitope of the iiw^ipri ^ 
25 a native peptide sequence, the regibri ^ ; 
has a length of: less than or equal to 600 amino acids^ often less thM 
amino acids, often less than or equal to 400 amino acidis, often less than or cjqual to 250; 
amino acids, often less than or equal to 1 00 amino acids, , often less than or 6qiial to 8$ 
amino ; acids, often less than or equal to 75 amino acids, often less than or eqiual to 65 
30 amino acids, and often less than or equal to 50 amino ^ids^ vLi certain^ 
4 •epitope" of the invention is comprised by: 

amino acids that has 100% identity to a native peptide s^uence, in any ihcii^^t do^ 
to 5 amino acids. 
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Accordingly, p^tide^ acids are within 

the scope of the invention, so lphg as they do not comprise smy contigub sequence o f 
more than 600 amino acids that have 1 00% identity with a native peptide sequence. For 
any peptide that ha^ fi^ sequence, 
there is no limitation on ^ peptide in order to fall within the 

scope of the invention. It is presently preferred th^^ 600 
residues long in any increment down to eight amino acid residues. 

An 'immunogenic peptide" or "peptide epitope" is a peptide that comprises an 
allele-specific motif or supermotif such that the pqjtide will bind an ^ and 
induce a of the i^(^ic^ arc ca^ 

appropriate ttLA molecule md thereafter inducing^ a to the 

antigen frorn which the imniunc^enic pep 

The term "derived" when used to discuss an epitope is a synonym for "prepared." 
A derived epitope can be isolated fro 
1 5 accordance with standard protocols in the art. Synthetic epitopes can comprise artificial 
amino acids "amino acid mimetids,*^such as D isomers of natural occurring L amino 
acids or non-natural amino acids such as cyclohexylalahine. A derived/prepared epitope 
can be an analog of a native epitope. 

Immunogenic p^ of the 

20 invention. The algorithms are mathematical procedures that produce a score which 

enables the selection of immunogenic peptides. Typically one uses the algorithmic score 
with a binding thres^ high probability of 

binding at a certain affinity md w in turn be immuiib|em is based 

upon either the effects on MHC binding of a particular ainmo acid at a particular position 
25 of a peptide or the effects on binding of a particular substitution in a motif containing 
. : peptide. 

A binding affimty thrc^ about 500 nM (preferably 50 nM pr less) typically 
determines the capacity of a peptide; ^itojpe to elicit a 8 herein, 
"high affinity" with re^ 
30 or K D value; of 50 nM or less; "intermediate : affin^ IC^ or K D value 

of between about 50 arid about 500 nM . ; 
'IGsoVisth^TO 

of binding of a reference peptide is bbiserved. Given the conditions in^^v^ assays 
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are run (i.e , liiniting l^ concentrations), these values 

approximate Kd values. Assays ifpr determining binding are described in detail, e.g. , in 
PCT publications ^ 94/03205. It should be noted that IC 50 values 

can change, often dramatical^ on the 

5 particular reagents used (e.g ^^ 

concentrations of HL A molecules will increase the apparent measured ICio of a given 
,;. ligand; •/: ..-"r- "V- 

Alternatively, bindi^ Although as a 

particular assay becomes more| or less, sensitive, the ICso's of the peptides tested may 

10 chaise to the reference peptide will not significantly 

change. For example, in ^ asisay run under conditions such tliat the IC50 of the re f ererice 
peptide increases 1 0-fold, the IC50 values of the test peptides will also shift approximately 
1 0-fold. Therefore, to avoid ambiguities, the assessment of whether a peptide is a good, 
intermediate, weak, or negative binder is generally based on its IC50, relative to the IC50 

15 of a standard peptide. 

Binding may also be detepnined using other assay systems including those using: 
Uye cells (eg., 352:67 
(1991); Busch et'aU Int lmmtmol 2:443 (1990); Hill etal,J. Immunol 147:189 (1991); 
del Guercio et al, J. /mwwwo/. 154:685 (1995)), ^ using detergent lysates 

20 (e.£,Cer^ 

}m et ai,J. Immunol 152, 2896 (1994); Marehall al, J Immunol. 152:4946 (1994)), 
^ surface plasmon resonance 

y \ (1993)); high flux soluble phase assays 

(Hammer et a/.,X^ (1994)), and measurement of class I MHC 

25 stabilization or assembly (e.g. , Ljuiiggren er al y Nature 346:476 (1990); Schumacher et 
aL, Cell 62:563 (1990); Townsend ]et ^Cell 0O&5 (1990); Parker etal, J. Immunol 
■ SM. 149:1896(1992)); 

A "conserved resM^ 
frequency than would ^ at a particular position in a 

: 30 peptide. Typically a consera^ may provide a 

contact point with the iti^^ 

immunog peptide 
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binding groove^ w side chains buried in specific pockets of the groove itself. 

Typically, an ii^imogenic peptide will compris three conserved residues, more 
usually tw^ic^ 

; ;•; ;A^ acids which if present at ; 

5 cerUin position 7 of a 9-mer) will result in a peptide 

being a iio^ and in turn fail to be immunogenic i.e. induce a CTL 

. • • response. 

The term "motif 1 refers to the pattern of residues in a peptide of defined length, 
iisually about 8 to about 11 amino acids, which is rec^ allele. 
10 < The peptide motifs are t^ each human MHG allele and differ in the 

: fp 

The binding motif for an allele can be defined with increasing degrees of 
precision. In one case, all of the conserved residues are present in the correct positions in 
apepti^ 

15 A "supermotiF 1 is a peptide binding specificity shared by HLA molecules encoded 

by two of more HLA alleles. Preferably, a supermotif-bearing peptide is recognized with 
high orinteim molecules. 

• An "HLA supertype or family", as used herein* describes sets of HLA molecules 
grouped on the basis! of shared peptide-binding specificities. HLA class I molecules that 
20 share somewhat similar binding af^^ for peptides bearing certain amino acid motifs are 
grouped ii^ supert^es. The tenris HLA superfamily , HLA supertype family, 
\ HLA family, and HLA xx-like molecules (where xx denotes a particular HLA type), are 
s^onymis; 

The phizes "isolated" or *1>i6^ material which is 

25 substantially or essentially free from components which normally accompany it as foiind 
in its native state. Thus, the peptides of this invention do not contain materials normally 
associated molecules on antigen presenting 

^ or dominant band; there 

; are ^ rangeibf 5^10% df ^j^yeiprotein which co-purify with the : 

3 0 'X d&ixed such endogenous co~ 

purified protein. ., * . 

incorporated in 
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^harmaceutically acceptable" refers to a generally non-toxic, inert, and/or 
physiolo^cally compatible compost 

A • 'phairnaqeutical excipient" comprises a material such as an adjuvant, a earner, 
pH-adjustihg and buffering agents, tonicity adjusting agents, wetting agents, 
5 preservatives, ^ " 

; :*>3>^thetic; p^tide' ? refere to a peptide that is not naturally occurring* but is man- 
made usirig such methods as chemical synthesis or recombinant DNA technology . 

As used herein, a 4 a composition that contains one or more peptides of • d;.; 

invention, s6e, eg., Tables 5-1 1 ; there are numerous embodiments ofyaccines in 
: : d €P^S ^ a cocktail bfdne pr more peptides; one or more;;;.:' ^^^100^:! 

; ; peptides of the invention comprised by a polyepitopic peptide; or nucleic acids that 
. encode suph peptides or polypeptides, e.g. , a minigene that encodes a pp lyepitopic 
peptide; The peptides or polypeptides can optionally be mbdiified, such as by lipidation, 
addition of targeting HLA class I-biridihg peptides of the invention 

15 can be linked to HLA class n-binding peptides, to facilitate activation of both cytotoxic T 
p lymphpcyties arid helper T lymphocytes . Vaccines can comprise peptide pulsed antigen 

The present invention relates to the determination of allele-^specific peptide motifs ; 
:v : -;;J' : '; : :;^-;;:'<-: : fbr human class i MHC (sometiihes referred to as HLA) allele subtypes. These motifs are 
then used to defirie T cell epitopes from any desired antigen, particularly those associated 
^; ^ diseases; cancers or autoiummuhe diseases, for whi^^ amino acid 

or autoantigen targets is known: 

;• : : ' Epitopes on a numbCT 
: : peptides of the invention . Examples of suitable antigens include tumor-associated 

antigens such as ^ Her2/neu, and MAGE, including MAGE 1, MAGE2, 

-■•: : ;:;vand' MAGE3;j>rb?tate CMcer^a^soipiat^ antigens such as prostate specific antigen (PSA), 
- 30 • : human kallikreih (huK2), prostate specific membrane antigen (PSM), and prostatic acid 
phosphatase 

antigens (HBVc, HBVs)) hepatitis G; Epstein-BaiT virus, human immunodeficiency type- 
'.^■\P:;l virus (HIV 1), Kaposi's sarcoma herpes (KSHV), human papilloma vin^ 
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influenza virus, and Lassa virus antigens, Mycobacterium tuberculosis (MT) antigens, 
trypanosome, e.g., Trypansoma cruzi(T. cruzi), antigens such as surface antigen (TS A), 
and malaria antigens . The peptides are thus useful in pharmaceutical compositions for 
both in vivo and ex vivo therapeutic and diagnostic applicatibhs: |i : : 

Peptides comprising the epitopes from these antigens ^ 
/tested for their ability to bind to ^ 

example, purified class I molecules and radioiodonated peptides and/or bells expressing 
empty clasH molecules by/ ^ 

microfluorometry, peptide-dependeiit class I assembly assays, and inhibition of CTL 
recp^tipn by peptide competition. Those peptides that bind to thei class I molecule are 
; I fi^^ for their ability to serve as targets for GTLs derived from infected or 

immunized individuals, as well as for their capacity to induce primary in vitro or in vivo 
CTL responses that can giverise to CTL populations capable of reacting with virally 
infected target cells or tumor cells as potential therapeutic agents. 

The MHC class I antigens are encoded by the HLA-A, B, and C loci. HLA-A and 
B antigens are expressed at the cell surface at approximately equal densities; whereas the 
expression of HLA-C is significantly lower (perhaps as much as 10-fold lower). Each of 
these loci have a number of alleles. The peptide binding motifs of the invention are 
relatively specific for each allelic subtype; 

For peptide-based vaccines^ the peptides of the present invention preferably 
comprise a motif recognized by an MHC I molecule having a wide distribution in the 
human population. Since the MHC alleles occur at different frequencies within different 
etimc groups arid races, the choice of target MHC allele niay depend upon the target 
; | population. Table 1 shows the frequency of various alleles at the HLA-A locus products 
v -:; V|: ^Qng;difFerent.races. For instance, the majority of the Caiicasoid population can be 
; covered by peptides which bind to four HLA-A allele subtypes, specifically HLA-A2.1, 
• A 1 , A3 .2^ and A24. 1 . Similarly, the majority of the Asian population is encompassed 

27038) 
39:8(199) 


TABLE 1 

AAllelg/Subtype N(69)* A(54) 

M I0;l(7) 1:8(1): 

■ '■■ A2il ,11 5(8) 37.0(20) 
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10 


15 


20 


25 


30 


A2.2 

A2.3 

A2;4 

A2.5 

A3.1 

A3.2 

All.l 

All. 2 

All. 3 

A23 ; 

A24.2 

A24.3 

A25 

A26.1 

A26.2 

A26V 

A28.1 

A28.2 

A29.1 

A29.2 

A30.1 

A30i 

A30.3 

A31 

A32 

Aw33.1 

A\v33:2 

Aw34;l 

AW34.2 

Aw36 


10.1(7) 
1.4(1) 


1-4(1) 
5.7(4) 
0 

5.7(4) 
0 

4.3(3) 
2.9(2) 


1.4(1) 
4.3(3) 
7.2(5) 

10.1(7) 
14(1) 
14(1) 
10.1(7) 
8.6(6) 
1.4(1) 
7.2(5) 
4.3(3) 
2.8(2) 
8.6(6) 
2.8(2) 
1.4(1) 
14.5(10) 
5.9(4) 


31.4(17) 


27.7(15) 


9.2(5) 
3.7(2) 


1.8(1) 


16.6(9) 


33(17) 
0.8(4) 


21.5(108); 
8.7(44) ; 


15.3(77) 


6.9(35) 
5.9(30) 
1.0(5) i 

1.6(8) 

7.5(38) 

14(7) 

5.3(27) 

4.9(25) 


3;?(20) 

69(35) 
7;i(36) 
2.5(13) 


0.8(4) 
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Table compiled from DuPont, Immundbiplogy o/HLA, Vol. I, Histocompatibility 
Testing 1987, SpringeivV erlag. New 

* N - negroid; A == Asian; G = caucasoid; Numbers in 
Parenthesis rq^i^ent the iiumber of indi 

The nomenclature us^ to describe pept^ 
practice wherein the amino group is presented to the left (the N-termmu^ 
carboxyl group to the right (the C-ten^ the formulae 

representing selected specific embodiments of the present invention, the amino- and 

10 ; : c^ 

assume at physiologic pH otherwise specified. Ini the amino acid structure 

formulae, each residue is generally represented by standard three letter or single letter 
designations. The L-form of an amino acid residue is represented by a capital single letter 
or a capital first letter of a three-letter symbol, and the D-form for those amino acids 
15 having D-forms is represented by a lower case single letter or a lower case three letter 
symbol Glycine has no asymmetric carton atom and is ^ 

Identification of Peptides 

The large degree of HL A polymorphism is an im^^ taken into 

20 account with the epitope-based approach to^v To address this factor, 

epitope selection encompassing identification of peptides capable^ at high or 

intermediate affinity to multiple HLA molecules is preferably uti^ 
these epitopes bind at high or intermediate affinity to tw^ 
. molecules. 

25 CTL-inducing peptides of interest for vaccine compositions preferably include 

those that have an IC50 or binding affinity value for a class I HLA molecule(s) of 500 nM 
prbetter (/ e., the value is < 500 1^ 

the capacity of a candidate peptide to bind to a purified Peptides 
exhibiting high or intennediate afiRriity are thenronsider^ 
30 peptides are generally tested on other members of ^ 

^embodiments, peptides that exhibit cross--reacti ve binding ^e thOT us^ in cellular 
screening analyses or vaccines. 
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The relationship between binding affinity for HLA class I molecules and 
immunogenicity of discrete peptide epitopes on bound antigens was determined for the 
first time in the art by the present inyentore. As disclosed in 
HLA binding affinity is correlated with ^ 
5 Greater immunogenicity can be mmfested in several different ways 

immunogenicity corresponds to wheti^;^ is dicited ^ dl, and to the 

vigpr of ^my particular response, as ^ell aus to the detent of a population in which a 

array of the population, yet in no instance produce a vigorous response. In accordance 
10 with Aese principles, close to 90% of high binding pqptides have beeii found tp eji^dt a 
re^onsei and thus be *^ 

bind with intermediate iaffinity. (See, e g , Sct^ffer et ah PNAS (1988)) - Morew^ not 
only did peptides with higher binding affinity have an enhanced probability of generating 
an immune response, the generated response tended to be more vigorous than the 
15 response seen with weaker binding peptides. As a result, less peptide is required to elicit a 
similar biological effect if a high affinity biricling peptide is used rather than a lo\ver 
affinity one. Thus, in preferred embodimrats of the invention, iugh affinity 
epitopes are used. 

The correlation between binding affinity and immunogenicity was analyzed by the 
20 present inventors by two different experimental approaches (see, e.g., S^ et al , ! 

Immunol 153:5586-5592 (1994)). In the first approach, the immunogenicity 6f potential , 
epitopes ranging in HLA binding affinity over a 10,00^ range was analyzed in HLA- 

different^ 

25 motifs, was assessed by using PBL from acute hepatitis patients; Pursuant to these 

approaches, it was determined that an affinity threshold value of approximately 500 nM 
(preferably 50 nM or less) determines the capacity of a peptide epitope to elicit a CTL K 
response. These data are ^ for class I binding ^ measurements ^ 
processed peptides and for synthesized f ceU epitpp data also indicate the 

30 ; import 
;Schaefl^ 

Definition of motifs specific for different class I alleles allows the iderifefibatibh of 
potential peptide epitopes from an antig^c protein whose amino acid sequence is 
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10 


15 


20 


known. Typically, identification of potential peptide epitopes is initially carried out using 
a computer to scan the amino acid sequence of a desired antigen for the presence of ; V ■ 
motifs. The epitopic sequences are then synthesized. The capacity to bind MHC Class 
molecules is measured in: a variety of different ways. One means is a Class I molecule 
binding assay as described in the related applications, noted above. Other alternatives 
described in the literature mclude inhibition of mtigen presehtation (Sette, et al., J. 
^m««o/ T }141:3893 (1991), in vitro assenrily i^says (Tovrosend, et al., Cell 62:285 
(1990), and FACS based assays using mutated ells; such as RMA-S (Melief, etal., Eur. J. 
: ImmunoL 21 :2963 (1991)); 

A number of protocols can be used to isolate HLA molecules for use in in binding 
assays. For example,; allele-specific mAb reagents can be used for the affinity 
purification of the HLA-A, HLA-B1, and HLA-C molecules. Several mAb reagents for 
the isolation of HLA-A molecules are available (see Table 2). Thus, for each of the 
targeted HL A-A alleles, reagents are available that may be used for the direct isolation of 
the HLA-A molecules. Affinity columns prepared with these mAbs using standard 
techniques are successfully used to purify the respective HLA-A allele products. In 
addition to allele-specific mAbs, broadly reactive anti-HLA-A, B, C mAbs, such as 
W6/32 and B9.12.1, and one anti-HLA-B, C mAb, Bl.23.2, could be used in alternative 
affinity purification protocols as described in previous applications. 

'^; : ^K'W= - TABLE 2 -Vi:ljt" 

ANTIBODY REAGENTS 


25 


30 


ahti-HLA 


HLA-A1 
HLA-A2 
HLA- A3 
HLA-ll;24:i 
HLAtA; B,C 
HLA-A, B, C 
HLA B, C 


Name 


12/18 : 

BB7>2 

GAPA3 

AlLlk 

W6732 

B9.12.1 

B.l.23.2 


(ATCC, HB122) 

(ATCC,HB164) 

(ATCC,HB95) 

(n^SERM-CNRS) 

^SERNl-CNRS) 
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Nexty peptides that ^ a$sa)^ for 

the abiUty of the peptides to^ m^ in vitro. For instance, • 

Antigenrpreseriting cells that have been incubated with a peptide can be assayed for die 
abihty to induce 

5 can be normal cells such as peripheral blood mononuclear cells or dendritic cells (Inaba, 
•era/., J. Exp. Med, 166: 1 82 (1?87); Boog, Eur. J. Immunol. 18:219 (1988)): 

Alternatively, mutmt m^ cell lines that are deficient in their ability to 

load class I molecules with ^ as the mouse cell lines 

^M-S (K^,^ al . ^ 986); Ljunggren, etal.,Eur.J. Immunol 

Nature 345 :449-452 ( 1 990)) ^d which have been transfected wth the appropria^^ ; 
:|class I genes are conveniently used, when peptide is added to ttem, ; to test for the capacity 
of the peptide to induce in vitro primary CTL responses. Other eukaryotic cell lines 
which could be used include various insect cell lines such as mosquito larvae (ATGC cell 
15 lines CGL 125, 126, 1660, 1591; 6585, 6586), silkworm (ATTC CRL 8851), anriyworm 
;(ATGC CRL 1711 ), moth (ATGC GCL 80) and Drbsophila cell lines such ^ a Schneider 
cell line (see Scl^eider, J:Eimbfyol. Exp. Morphol. 27:353-365 (1927)); 

Peripheral blood lymphocytes are conveniently isolated following simple 
venipuncture or leukapheresis of noma as the responder cell 

20 sources of CTL precursors; In one embodiment, the appropriate antigen-presenting cells 
; ; are incubated with 1 0-1 00 nM of peptide in senmi-firee media for 4 hours under i 
appropriate cu^ conditions; Tie p antigen-presenting cdls are then 

^-••••^ with the responder ^eU populations in vitro 'to^^-^i^fs; under optimized 

culture conditions. Posit^ can be determined by assaying the cultwes 

25 for the presence of CTI^ that kill r^ cells, both specific pq)tide^pulsed 

targets as well as target cells expressing endogenously proc^^ form of the relevant 
vii^ or tumor antigen from which the peptide sequence was derived; 

Specificity arid MHC restriction of the Clli is determin^l by testi^ 
■ :;> d peptide target cells expressing appropriate or inappropriate fa I . 

30 The^ peptides that test positive in tlw MHC binding assays and give rise to specific CTii 
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Preparation of peptides / 

Peptides that comprise epitopes of the invention can be prepay 

^^^^^ 

tu^ors^ 

5 occumng host cell proteins and fragments thereof; in some embodiments the Ip^tides can 
■ be syn^eticailly^ or particles " 

: (unch^ged) forms pr in forms which are salts, arid either free of modi fi cations siM ^j-'f [ S 
'^e- glycpsylation, side chain oxidation; phosphprylation or containing these ri^fi^ 
\ ■■■ ■: the condition that the modification hbt destroy the biological actiVityof • ! 

polypeptides as herein described. , : 

Often^ the peptide will be as smkll as possible: while still mdn^ 
all of ^ biological activity of the large p^tide When possible/it m 
Optimize peptides of the invention to ^ length of 8, 9, 10, or 11 amino acid residiies^^^^^^ ; • 
15 ; endogenously processed viral peptides or tu^ 

that are bound to MHC class I molecules on the cell surface. "^^^ 
; A? the coding sequence for; peptides of the length contemplated herem 

; 

; .-v ; ; Matteucd^ J. Am. Chem. Soc. 103:3185 (1981), ^ ; ■ 

; 20 • Alternatively, recombin^t DNA;te<^ology may be employ^ wh^rn^^^ 

i^pressioii vector, transformed or transfected into an appropriate host cell knd c^ltiy&ed 

under conditions sui^ 

art,asdescri^ 

25 Gold Spring Harbor Press, Gold Spring Ilarbor, New York (1982), which is :: irieo^^ 
herein by reference. For example, a coding sequence encoding a peptide ofthe inve^ 
• linkers and ligated into expression yec^ 

ay^lable in the art, and the vectors used to transform suitable hosts to produce th£d^ 
fusion protein. A number of such vectors and suit^ 
30 Expression i.e., mihigenes are described in greater detail in the sections below. 

Peptides haying the desired activity maybe modified as riecessaiy to jiiwa 
cer f^ ili desired attributes, e.g., improvied phanhacological characteristic 
or at least retaining substantially all of the biological activity of the uimiodihed p^tide to 
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bind the desired MHC molecule and aetivatethe appropriate T cell. For instance^ the 
peptides may be subject to various changes, such as siubstitutions, eithCT conservattive or 
non-conservative, where such changes might provide for Sd^^ 
such ais imprpy^ MHC binding. By conservative substitution 

amino acid residu^w bioio^cdiy apd/br ch^cally similar, e jg. , one 

hydrpphpbic residue for another, or one polar residue for mother. The substitutions 
include combinations such as Gly, Ala; Val, ne ; Le^, ^ Ghi; Ser, Thr; 

Lys, i^rg; and Phe, Tyr. The effect of single amino acid substitutions may also be probed 
using P-amino acids . Such modifications may be rriaide using well known peptide 
synthesis procedures, as described in e.g., Meririfield, & ^ 
Barany & Merrifield, The Peptides, Gross & Mei<^of^ 
pp. 1-284 (1979); and Stewart & Young, Solid Phase Peptide i^i/Aea^ 
Pierce), 2d Ed. (1984), incorporated by reference herein. 

The peptides can also be modified by extending or decreasing the cbmpoimd's 
15 amino acid sequence, e.g., by the addition or deletion of an^o acids; peptides or 
analogs of the invention can also be modified by altering the order or composition of 
certain residues, it being readily appreciated that certain amino icid residues essential for 
biological activity, e.g., those at critical contact sites or conserved residues, may generally 
not be altered without an adverse effect on biological activity. The iion-critical amino 
20 acids need not be limited to those naturally occurring in proteins, such as L-a-amino 
acids, or their D-isomers, but may include non-natural amino acids as well as many 
. . • • . derivatives of L-a-amiho acids, : ■ • 

; Typical peptides with single am^ 

^ : -' : ^\^9 determine the effect of elrctrostatic charge, hydrophobicity, etc; 6n bindii 
25; m (e.g., Lys or Arg) or negatively charged (e.g. , Gluj 

amino acid substitutions are made along the length of the peptide revealing different; 
patterns of sensitivity towards various MHC molecules kid T 
niultiple substitutions using small, relatively neutral moieties such^ Al^; Gly, Pro, or 
similar residues may be employed. The substitutions m^ 
30 oligomers. The number ^ types of residues wMchi^ 

the spacing necess^ between essential con^ i 
^c^^ sought 

for an MHC molecnile Or T tell receptor miaty also be ^hiwbd ^is^ $iib^^ 
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compared to the affinity of the .p.aiCTt^^tide/: to.any : ^toti;"TObhi; substi^tibris--shbilld - 
Employ amino acid residues or other molecM 
; steric and charge interference which m disrupt binding. 
Amino abid sutetiti^ 
5 insertions or aiiy combination therepf may be combined to arnve 

Substitutional variants are those in which at least one residue 6f a peptide has been 
removed and a different residue inserted in i^ place. Suc^^ 
accordance with the following Table 3 ; ? :\ 

■ . ; 7 : Ala' • ' : .^0^ : V;'. ■>■:■• ser V- : - ; ;v ; : I ■ • v ' 


Asn • - ; 7Gln : K7 

15 7 ■ Asp : : : -- : 'l:. : V : / V.'^/-CSuV' '. 

- Cys : '•.:; •.'•;:;.•'.'?; -Ser 

' Gin Asn 

: Glu Asp-; 

20 \ , : . - : _ . His ' _ ^-.^r^s^g; 

, ■ . lie .K^i^ 

' Leu ' ■ J^Jg. He; Val 

Lys Arg;His 

: ; ./Met.- ' • ' : \ Leu; -lie • 

.:25: ;: :'/:;' : ' : :'- : ''- Phe : ^i'-:T^T^';- 

■ " Ser v :: Thr 


^f-:;::Tyr; : :Phe. ; 
"' Tyr i f] . /H^f^^ififrii 
30V; • : Val ' • -.VK 

. Pro : • Giy ; v7 ; . 
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Substantial changes ^ T cell 

receptors) are made by selec^g substitutions that less than thpse in 

Table 3, i.e., selecting residues that diffe^m^ th^ek effect on maintaining 

(a) the stinuct^ 

5 sheet or hehcal conform^ (b) the cha^ at the 

target site or(c) the bulk o£ 
expected to prc^ure 
hydrophilic residue, e gv seryl, :^ 
isoleucyj| phenyl 
10 e.g.,lysl^^ 

glutamyl or asp|rtyl^ 

substituted for (or by) one not having a siidb chain, e g. , glycine. 

lliepq^ in the 

imm^bgeiucpep^ 
15 that can te^ 

sequence fits a hinding « ^ecific for tfe Second 

includes ppp^ 

modifications include m^ 

compl^ 
20 See, generally, Spatola; 

acids are parti^ 
be ass^ 

25 : such?^ e.g i Veiiibef ; 

al y Eur. 1 Drug ti^ Half life of the peptides of the 

present invention is conveniently d The; 
protocol is generally ^ foilpw$- P 

delipidated by ^ Tteisenim^ withRPMI 

30 tissue culture media and: used to test peptide stability^ 
small amount of reaction solution is removed 

trichloracetic acid ibr ethanol . The cloudy reaction sample is^c (4°G) for 1 5 mimites 

^^^^ 
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then determined by reyersed-phase HPLC using stability-specific chromatography 
: conditions. - 

^ ; ; ; A^ 
su^ 

5 e g., a liquid env^ substitution may pc^ 

epitope. For example, a cysteine (C) can be substituted put in fayor pf ct-amino butyric 
^^id. Due to its chemical nature, cysteine has the propensity to fom^ and 
^ ; ^ as to reduce binding | capacity. Substo a- 

amino butyric acid for ;G not only alleviates this problem, but actually improves binding 
I \0 i and crc^sbindingic^ 

- P ^istent Viral M I. Qien^fo^ England, 

1999). Substitution of cysteine Avith a-amino may occur at any residue bf a 

peptide epitope, i.e. at eithier anchor or non-anchor positions. 

■15 Modification of binding activity 

The binding activity, particular^ of binding affinity or cross- 

reactivity among HLA supdrt^ peptides of the invention can also 

be altered using anaio^irig. to brief, the analoging strategy utilizes the motifs or 
supeririotifs that correlate with binding to certain HLA molecules. Analog peptides can 
20 ; be created by:s^ 

v primary and secondary anchor positions; Generally , analogs are riiaide for peptides that 
already bear a motit or siiji number of the motifs ^ supennotife in 

^ to binding to 

dlde-^ecific HLA molecules or members 6 bind the respective 

25 mdtif or^ 

Immunol 45:79, 1996; and Sidney e* 6/.; Sidney, et al , J. Immunol 154:247, 1995). 
Accordingly, removal of s^ residues that are detrimental to binding can be performed in 
^ordaidcb withth^ 

when all peptides itoat hay e deleterious itsidues are r^ove&fftm population of 
30 peptides used ih &e ^alysis|^ from 22|% to 37% ; 

• : '(5e^e.g:y:Si - . ■ • 

ori CTOiss-rei&tiyity of peptides within a given 

supenhbtif is sii^ 
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peptide and substitute a small "neutral" residue such as Ala (that may not influence T cell 
recognition of the peptide). An enhanced likelihood of cross^reacti vity is expected if, 

within a peptide, "preferred" residues 
affinity binding to an allele-specific HLA molecule or to multiple 
5 K^ niole^ within a superfamily are inserted. 

Tci rasure that an analog peptide, when used as a vaccine j actually elicits a CTL 
response to the native epitope in vivo, the analog peptide may beiused to induce T cells w 
yifro from individuals of the appropriate HJ.A allele. Tliereafter,%e i 
capacity tp lyse wild type peptide sensitized target cells is eval^ Alternatively^ 
1 0 .E^^0&it^of^ the cells* activity can be evaluated by monitoring DFN release. : Each of these 

^ APC by the C3TLj; ii It will be 

f ^ I as antigen pf esj^ihg cells, typically cells that have been either infected, 

[ or transfecttd with the appropriate genes to establish whether endogenously produced 
antigen is also recognized fey the T c^ by the analog peptide. It is to be noted 

15 that peptide/prbtein-pulsed dendritic cells can be used to present whole protein antigens 

• ; ; Another ^bodiment of the invention is to create analogs of weak binding 
: p adequate mimbers of cellular binders; Glass I binding 

peptides exhibiting bind^ and carrying an acceptable but 

20 ^uboptimaljp positions can be "fixed" by substituting 

; ; in accordance y^th the respective supertype. The analog 

v ; ; ^ capacity- h ■ - 

binders and ar£ vaccioe candidates, but which bind weakly to one 
25 j# of ^re alleles of a supertype. If the cross«-reactive binder carries a suboptimal residue 
(less preferred or deleterious) at a primary or secondary anchor position, the peptide can 
•:~'A be analoged by substituting out a deleterious residue and replacing it \yith a preferred or 
I less preferred orib;^ reside and replacing it with a 

pre^ for cross-binding capacity. 


30 


of cells with defined MHC molecules, particularly MHC Glass I 
|m^ a source ofMHd mol&ules; e& , 
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for binding assays; For example, human EBV-transformed B cell lines have been shown 


\ molecules^ cell lines are available from private and bommericiai 

sources, such as American Type Culture Collection ("Catalogue of Cell Lines and : 
.5 ff I^ridomas"i5th edition (1 988) Rockyille, Maryland, U.S.A.); National Institute of 


Mutant Cell Repository, Camden, NJ; and ASHI Repository* Brigham and Women's 
-Hospital,;^ Street, Boston, MA 021 15. Table 4 liste some B cell lines suitable 

i k All of these cell lines am be grown in larjge batches 

- °:; ^ i 1 ^^^?*? 3 !^ -PrP^H^tion' iNOfG: mplebul<es^ One of skill will : 

V : : xiJ>^ er^ipy^d; i S^lar : EB V B cell lines homozygous forHLA-B aridHLA-C could s^rve 
; : as sources for 1^ and HLA-C alleles, respectively. 

15 ■ ■ ■ TABLE 4 


mA-A-ailele ■ Bcelllihe 


m r ^ ^ iyy^ mat 

COX (9022) 
STEINLIN (9087) 
A2.1 JY 

/'^A&;0^yb . . EHM(9080) ■ " . 

? 5 - HO301i(9055) : S ■ 

GM3107 ;■ • 

'\.^:A24ilii 03(9107)^131 (9042) 

All BVR(GM6828A) 

WT100(GM8602) 
30 WT52 (GM8603) 
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Combinations of CTL and HTL epitopes 

The peptides of the present invention or analogs thereof which have CTL 
stimulating activity may be modified to provide desired attributes other than improved 
sertim half life. For instance, the ability of the peptides to induce 
5 : contains at lbast one %>itope that is enable of 

>^^^;^^:^^;:;:i^ preferred ini^ 

v .;:';> : ;;:/>i;;^.-;-;:: ^ A V ^Oi^^icprg ugates are linked by a spacer molecule. The sp is typically comprised of ^ ; > 
:$etitive]y small, neutol molecules/ such as amino acids or amino acid-immetics,;. which 
are substantially uncharged under physiological conditions . ; The spacers are typically : 
10 ^ selected from, $.g.% Ala, Gly, or Other neutral ; spaicers of nonpolar :^ino acids or neutral ■ 
jx>lar amino acids. It will be understood that the optionally present spacer need not be 
r0^.3B\ ;^&mpris^df the'"saine residues and : thus may be a hetero- 6r homp-Holigomer. When 

present, the spacer will usually be at least one or two residuesj more usually three to six 
r : ; : 1: % : ; : : : ? : ;: i>^i<iues tb^ GTT^ pepticie may be linked to the T helper peptide without a 

The immunogenic peptide may be linked to the T helper peptide ei^er directly or 
'■:-^^m& a spacer either at the amino or carboxy terminus of the CTL peptide 

> ; ;^^emplaiy-T:'helper peptides include tetanus toxoid 830-843 j influenza 307-3 1 9, malaria 
'■■■}yy^\ circumsporozbite 382-398 and 378-389. 

Combination with agents to prime the immune response 

Tn some embodiments it may be desirable to include in the pharmaceutical . 
compositions of the invention at least one component which assists in pruning GTL. 
v 25 > Lipids have been identified as agents capable of assisting the priming CT 
viral antigens. For examplb, palmitic acid residues can be a^ 
■^^^on jainino groups of a Lys residue arid then linked, e.g., via one ^ ; 
• residues such as Gly, Gly-Gly^, Ser, Ser-Ser, or the like, to an iimhuriogeiiic peptide. The 
^ l^i^ted peptide can thtOT be injected directly in a micellar form; incorporated ihto a i 
30 liposome or emulsified in an adjuvant; e.g. , incomplete FreuikTs adjuvant. In a preferred 
■#}■ ; embodiment a particularly effectives immunpgen comprises palmitic acid attabhed to alpha 
groups of LySi which is attached via linkage, e g;, Ser-Ser, to the 
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As another example of lipid priming of CTL responses, E. coli Upbprote^ 
^ tripalmitoy be used taj^ 

specific CT 

Natur*3^:56l-564 (1 989), incorpo^^ Peptides £f the ini^tioh 

5 for example, ^d th^ £:dv' : ; : o\'" 

displays an appropriate epitope, the two compositions can be combined to more 
effectively elicit both humoral and cell-mediated responses to infection; 
V'ii :I :P : :: : :;: In addition, additional suni^ acids can he added termini pf a peptide to ; 

;! ; I^vide for ease ofiihki peptides one ta^ -fcc^i^^ 
larger peptide, for modifying the physical or chemical p^ of the p^tide or 
oligopeptide, or the like. Amino acids such as tyrosine, cysteine, lysine, glutamic or 
aspartic acid, or the like, can be introduced at the C- or N-terminus of the peptide or 
15 oligopeptide. Modification at the G tenninus in some cases may alter binding 

characteristics of the peptide. In addition, the peptide or oligopeptide sequences can 
differ from the natural sequence by being modified by 

alkanoyl (01^20) or thioglycolyl acefjdation^ tenriinal-caAdxyl amidatibii, e g ^W^. 
ammonia, methylamine, etc. In some instances these for 
• 20 linking to a support or other molecule. 

Vaccine compositions 

The peptides of the present invention and vaccine t 

compositions thereof are useful for admihistration to mammals, jp^ciilarly humans, to 
25 tr^at and/or prevent viral infection and cancer; Exaihpte of diseases which can be t^ated 
or prey exited using the immunogenic peptides of the inv^ 

lymphoma, GMV, malaria, and condlyioma acuminatum. 

V^cines that contain an immunogempally effective amount of bne or fiip^ 
30 peptideis as described herein are a further embodiment of the invention. O^ce • ; 

apprpjpnately inun epitopes have been define^ ti^^ ; 

m^s, herein referred to a^ 
include, for exain^ 
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peptide compositions encapsulated in poly(DL-lactide-cp-glycolide) ("PLG") 
microspheres (see, e.g, Eldridge, etal, Molec. Immunol. 2S.2S7-294, 1991: Alonso er 
al. Vaccine 12:299-306, 1994; Jones era/., Kaccine 13:675-681, 1995), peptide 
compositions contained in immune stimulating complexes (ISC0MS) (sec, e.g., 
Takahashi etal., Nature 344:873-875, 1990; Hu etal, Clin Exp Immunol 113.235-U3, 
1998), multiple antigen peptide systems (MAPs) (see e.g0am, J. P., Proc. Natl. Acad. 
ScL U.S.A. 85:5409-5413, 1988; Tarn, J.P., J. Immunol Methods 196:17-32, 1996), viral 
delivery vectors (Perkus, M. E:et al., In: Concepts in vaccine development, Kaufmarin, S. 
H. E., ed>p. 379, 1996; Chakrabarti, S. etal,Nature 320:535, 1986; Hu, S. L. al., 
Nature 320:537, 1986; I£ieny, M.-P. et dl< AIDS Bio/Technology 4:790, 1986; Top; F. H. 
; et al, J. Infect. Dis. 12*148,1971 ; Chanda,P.K, e< a/., Wro/^ 175:535, 1990), 
particles of viral or synthetic origin (eg ,Kofler,N. era/, ^ Methods: 192:25; 

1996; Eldridge, J. Yietal, SemHematol 30:16, 1993; Falo. L. E>., Jr. et al, Nature 
Med. 7:649, 1995), adjuvants (Warren, H. S., Vogel, F.R., andChedid, L. A. Annu. Rev. 
Immunol. 4:369, 1986; Gupta, R. K. et al, Vaccine 11:293, 1993), liposomes (Reddy, R. 
et al, J. Immunol. 148:1585, 1992; Rock, K. L., 7mm««6/. Today 1 7:131 ; 1 996), or, 
naked or particle absorbed cDNA (Ulmer, J. B: et al. , Science 259:1 745 , 1993; Robinson, 
H. L., Hunt, L. A„ and Webster, R. G., Vaccine 11:957, 1993; Shiyer, J. W.etal, In: 
Concepts in vaccine development, Kaufinann, S. H E., ed., p. 423, 1996; Cease^K. B., 
and Berzofsky, J. A., Annu. Rev. Immunol 12:923, 1994 and Eldridge, J. H et al , Sem. 
Hematol. 30:16, 1993). Toxm-targeted delivery technologies, also known as receptor 
mediated targeting, such asttose of Ayarit^ 
Massachusetts) may also be used. ■ 


DNA or RNA encoding one or more of the peptides of the invention can also be 
administered to a patient. This approach is described, for instance, in Wolff et. al, 
Science 247:1465(1990) as well as U.S. Patent Nos. 5,580,859; 5,589,466; 5,804,566; : 
5,739,1 18; 5,736,524; 5,679,647; WO 98/04720; and in more detail below. Examples of 
DNA-based delivery technologies include "naked DNA"ffoiUtated:(bupivicaine, 
polymers, peptide-mediated) delivery, cationic lipid complexes, and particle-mediated 
("gene gun") or pressure-mediated delivery (see, e.£} U.S. Patent No 5,922,687). 

For therapeutic or prophylactic immunization purposes; the peptides of the 
invention can be expressed by viral or bacterial vectors. Examples of expression vectors 
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use of vaccinia vims, for example, as a vector to express nucleotide sequ 

encode the peptides of the invention. Upon introduction uito 

inf^ 

5 immunogenic peptide^ and thereby etipi^ ah^^ 

vectors and methods useful in immimiiation protocol in;<e:g.,XJ£. Patent 

*i6^4S?22$4%. Another vector is BGG (Bacilie Calniette Gue:rih). BGQ vectors are 
described in Stover ql , Nature 3 51 :456460 (1 99 1 ); A wide varie^ of ^ther vectors 
useful for therapeutic administration or immumzation of peptides bf the invention, 

10 e.^; aderio and aderio-associated vims vectpre, ^ vectors. Salmonella typhi} 
vectors, detoxified anthrax toxin vectp^^^ and the like, wiU be apparent to^^ to 
; the art from the description herein; ' 

Furthermore, vaccines in accordance with the invention can encompass one or 
more of the peptides of the invention. Accordingly , a peptide can be present in a vaccine 

15 individually. Alternatively, the peptide can be individually linked to its own earner; 

alternatively, the peptide can exist as a homppol^er comprising multip cbpies of the i 
same peptide, or ias a heteropolymer of various peptides. Polymers haye the adyantagei of 
increased inmiunological reaction different peptide epitopes are iised to make 

up the polymer j the additional ability to induce antibodies and/or CTLs; that react wiffi 

20 different antigenic determinants of die pathogenic organism or tumor-related peptide 
targeted for ail immune response. The composition may be a naturally occurring region 
of an -antigen or may be prepared, eg;, recombinant^ by chemical syntlwsis. 

Gamers that can be used with Vaccines of the invention are well Imo^ in the art, 
; ;: ; ;M includ^ e g., thyroglobulin^ albumins such as human serum albumin, tetanus toxoid, 

25 polyamino acids such as poly L-lysine, poly L-glutamic acid, influenza, hepatitis B virus 
core protein, and the like. The vaccines can contain a physiologically tolerable (i.e., 
acc^table) diluent such as water, ^ buffered saline. The 

vaccines also typically include all adjuvant. Adjuvsuits such as incomplete Freund's 
adjuvant^ exaApl^Spf taateriaJis 

30 wellto primed by coiy^ 

p^tides of the invention to lipids; such 

■ ' : ; \ ; (P3CSS). • •': V ■ ^ . = '^'^^ ' \ . .V ■ ' 'A ■ ■ 'V " ! ' '% ] " ' ■/ ... y : } 
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Upon immuni^ion w peptide composition in accordance with the inve^ibri^ 
yiainjectio^ transmu^sa^ intrapleural intrathecd, or other 

siiit^le rcm^ immune system of the vaccine by producing iarg6 

amounts of £pLs specific for the desired antigeii. Gonsequeritry;;^^ at 
; least pariially immune to later infection, or at least partially resistant to developing an 
ongoing chronic infection, or derives at least some therapeutic benefit when the antigen 
was tumor ? associated. 

In cert^ embckiim are combined 

class I peptide vapcines :of the invention with vaccines Which: induce or facilitate 
neutraljz^ to> the target mtigra of iiii^ to i 

envelope antigens; A pi^ferred embodiment of such^^i comprises cl^s I and 

class II epitopes in accordmce with the invention: An aUemktive emWdiment of such a X 
composition comprises a class I epitope in accordance with the invention, along with a 
PADRE™ (Epiinmun^ CA) molecule (describedi for example, in U S. Patent 

' Number 5;736,142). ' -Vw 

. Minigenes 

■ A preferrcd; means of adi^^ the peptides of the 

invention uses minigene constructs e^ invention! To 

create a DN A sequence encoding the selected ^ for expression in 

human cells, the amino acid sequences of the epit^ A hiuriari ; 

codon usage t^le is to guide the codon choice for ^li amino acid. These epitope- 
eirc^ 

sequence. To o^ can be 

incorporated jnfo;^^ 

reverse ti^islatedi aridmdud^ 

epitopes, a l^er (sig^) sequence, and m 

addition, MHGpre^ 

(e g, poly^alariine) or naturally-occuriing flanking sequences Adjacent to the CTlL 
epitopes. 

The muiigehe seqiim 
encode the plus and minus strands of the minigiene: Overlapping -dligonucleo 
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100 fo^es long) ^ purified arid annealed under appropriate 

conditions using well kripwn techniques, he ends of the oligonucleotides are joined lining 
T4 DNA iigase This syndetic mimgene, encoding the CTL epitope polypeptide, can . 
then cloned int^^ 

: : ' : \ : ---..; ; ..; ; 5 ;- St^d^ regiilatpiy sequences welt known to those of sJcill in the art are included 

in the vector to ensure expression in the target cells S^vCTal vector elements are 
required: a promoter with a downstream cloning site for ^ a 
polyadenylation signal for efficient transcription termination; an ;E. co/z origin of 
replication; and an £ coli selectable mfrter{^ 
: 10 Numerous promoter ^ 

Additional vector modifications may be desired to optimize minigene expression 
and immunogenicity. In some cases, introns are required for efficient gene expression, 
15 and one or more synthetic or natoally-occurring introns could be ihebrporated into the 
i ; : trans ofmRNA stabilization sequences can 

also be considered for incre^in|:minigene expression. It has recently been proposed that 
immimostimulatpry sequences (IS^ 

vaccines. These s^uences could be included in the vector, outside the minigene coding 
20 sequence, if found to enhance immunogenicity . 

In some embodiments, a bicistronic expression yeqtoiy to allow productioh of the 
minigene-encoded epitopes arid a seppnd protein included: to raliarice or decrease 
inm be usai. Exanijples of 

(e.#.LeIF) or costimulatory molecules; 
Helper (HTL) epitopes could be joined to intracellular targeting signals and expressed 
separately from the CTL epitopes. This would allow direction of ^ tbti^i^JB 
cell compartment d^ 

efficient eritry of ITIli epitope^ MHG class II pkh^ 

3Q • : ; induction: In contrast to Gl^ induction 
co-expression of inirn^ 

-diseases, : .,.■■-■ -:.■:>,,:. ■ ■ ^ 
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Once ian expression cloned into the polylinker 

^^egion downstre of the prompter. This plasmid is transformed into an appropriate E. 
coU. strain, and DJsfA is prep^ed ^ing standard techniques. The orientatibh a^ 
^ : ^ iriinigene, asWeU^ elements included in the Ve^ .;':>;: 

5 ^onffe 
hi^ 

therapeutic quantities of plasmid DNA are produced by fermentation in EL coll, 
! ! ^ by purification. Aliqubts from the \yorking cell bank are used to inoculate k^ l 2-^ 
: iR^ent^ to saturation in ^||k^ flask^ 

::;|:10;:-' a bipreactor according to well known techiuqiies. Plasmid DN A can be pimfied using 
standard ifcioseparation technologies s^ 

by Qiiiagen, If required, s^ercoilei DNA can be isolated from the open circular arid 
linear forms using gel electrophoresis or other methods. 
; ; Purified plasmid DNA can be pi^ared for injecti^ using a variety of 
1$ formulationsv T^ simplest of these is recohstitution of lybphilized DNA in sterile i 
phosphate-buffer saline (PBS). A variety of methods have been described, and ne>y 
t(xhoqiques may become aviailable As noted above, nucleic acids are conyeniOTtly 
'■"^■k fb^ 

and compounds referred to collectively as protective, interactive, non-c^^ (PING) 
20 ; could alsp be cpmplexed to purified plasmid DNA to influence variables such as stability, 
intramuscular dispersion, or trafficking to specific organs or cell types. 

Target cell sensitization can be used as a functional assay for expression and ; 
class I presentation of miriigene-encoded GTL epitopes. The pliasnud I)NA is : | 
introduce into a mammalian cell line that is suitable as a target for standard GTl^ 
25 chronuum ^ 

formulation. Electroporation can be used for "naked" DNA, whereas cationic lipids allow 
direct in vitro transfection; A plasmid exposing green fluorescent protein (t^) l?K : 
; co-tir^fect^ to allow^e transfected cells using fluorescence ^tiv^ed cell ; 

spiting (FAGS); These cells are then pl^m 
30 ! l^itope- CTL lines: Gytply?is, detected by 5l£r 

^^^^ ^ 

In vivo immunogenicity is a second-^ fimctioni^ testing 6 

DNA formulations. Transgenic mice expressing appropriate humian N&C mol^iiles are 
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inmiunized the DNA product. The dose and route of administration are formulation 
dependent (e.g. IM for DNA in PBS,1P 
after immi^z^^^ 

of peptides %^ epitope being tested, l^ese e^cfer cdls (tTLs) are assayed 

5 ^ : chromiiun-5i l^eled^ to 

techniques; Lysis of target cells sensitized by MHC loading of peptides OTiT^ondirig to^ 
mimgene-encoded epitopes demonstrate^^ function for vivo induction of 

\ : /4CTLs.; : ' : . ■: - [ : ! -\ : - ' ^XXih^^'^ ^V''/-^" f: :/ .';^ 

' 10 .4 Ex vivo administration of epitopes 

An embodiment i^f a valine cbmpositi 
y compris ex v/vo administration of a cocktail of epitope-bearing peptides to PBN^, or 
isolated DC therefrom, from the patient's blood. After ^^ulsihg the DC with peptides and 
prior to feinfusion into patients, theDC are washed to remove unbound peptides. In this 
15 1;.- ;.;^b'pdimen.t, a vaccine comprises peptide-pulsed DCs which present the pulsed peptide 
epitopes in JDLA molecules on their surfaces. 
Den<iritic cells :C 

acid sequences encoding the epitopes in acOTnlance witii the invention, in order to elicit 

immune responses. Vaccine compositions can be crdat^d i« ; wYro, following dendritic cell 
20 mobilization arid harvesting, whereby loading of dendritic cells occurs in vitro: 

o ;i i Antigenic peptides are used to elicit a CTL response ex v^^ well. The :'•:.;/'!:••:::;:;;•:•: 

resulting CTL cells, can be used to treat chronic infections j ; or tu^ore in patients ttiat do 

riot respond to other ccmvehtional forms ofthiei^ 
:.^ : ';:: :: '^;: : v^:cine peptide or nucleic ^ accordance with the invention. Ex vivo CTL bij HTL 
25 responses to a piarticular antigen (iiifecti or tumbr-^sociat^ antigen) are induced by 

incubating in tissue culture the patient's, or genetically compatible, CTL or HTL 

precursor cells together with a source of aritigOT-pre^enting ^^j0^C) f such as dendritic 

^eUs/^ 

(typically ^bout 7-28 days), in which tte 
30 effector cells, the cells are irifusecl back into thepatienty^ 
; specific target cell (an infected cell or a tumor cell) . trmsfecteid (dradritic cells may also 
be used ^ 
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Administration of vaccine compositions 

Eorpharaiaceutieai 
administered to an individi^ aire 
; -:.;interest.. Those in the incubation p 
^^ 5 p^tides separ^ely or in 

?PP' q P" a * e - 1x1 therapeutic ^ to a patient iii an -;V 

.:^P-0 pnmtiuni sufficient to elicit aunt eflGective CTti res^nSe tc> the yi^ antigen ^d to ; ; 

■■;■•! cure or; at least parti 
accomplish this is defin^^ 
|: ! 4^ the stage 

■ r : :P^ 

; about 50,000 ^g of peptide for a 7& 

months depending upon the p^ 

activity in the patient's bl66d ^ 

of the present invention rn^ ig^ 

threatening or potentially life tht^ 
20 minimization of extr^eoi^ s^st^ /:-^c^::-s 

is possible and may be ; ^ 

excesses of these peptide composition^ 
For therapeutic us^ adimm 

or the detection or surged removal o^ 
25 acute infection. This is follow^ iSt-lc^^ 

substantially abated and fori period ^ 

followed by boosting doses may be required;: o 
Treatment of an infected in^ 

hasten resolution of the infection in acutely infected individuals^ 
30 susceptible (or predisposed) to developing clonic in 

particularly useful in methods for preventmg the evp^ 

infection. Where the susceptible inditfdwls ^e iden^ 


WOOI/00225 


33 


PCT/USOO/17842 


iiiistoce^ 

for ac^^ population; 

and to stimulate^ 
5 important to provide an amount of ii^ 
mod^ 

• Irh^ 

10^;; ;fo 

immim In the case bf chi^ continue 

until at least clinical symptoms or laboratpiy tests indicate that the vird has 
been eliminated or substantidly for a period thereafter . ; ; 

^e phaim 

15 ;p^ 
m^ 

parenteral administration which cbmpn^^ 
20 of aqueous caniere may be used; ^ 

™^:^ep 

25 $ phi^a^eutically acceptable auxiliary ^ as required to i i^roximatS 
; phy^ 

agents; wetting agents 
; chloride,^ 
6leate,etc. 
30 ^VTlie concentration of CT 

■ph^ 0vl%, usxially^at 

or^^ 
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primarily by fl^ etc in accbrdarice particular mode of 

administration: select€5ii; 

The peptides of the invention may also be a(^ via liposomes, which 

target the p^tidbis to a particular cells tissue^ such as lymphoid tissue. Liposomes aire 
5 i^so u^ 

fpams, micelles, inisoluble monolayers^ tiqindi;^ ; 
layers iauicl the Uk^ & ^^^1 

part of a Jippsom alone or in conjunction With a molecule which binds to, e g!, a ; 

10 thb CD^ or imiriunbgeriic co Thus, • 

liposomes fill^ peptide of the invention can be directed to the site of 

lymphoid cells; ; W^ the liposomes then deliver the selected thera^ 
peptide <x>mppsiti Liposomes for i^e m the from standard 

veside- fonh^^ neutral and negatively charged 

15 phospholipids:^ is generally guided 

by considei^ 

blood stream^ A variety of methods are available for pri^aring liposomes, as described 
in, e;g;, Szxfaet aky Ann R 9:467 (1980), U.S. Patent Nos. 

4,2*5,871^ ! 
•20v' For targeting to the immime^ the liposome 

: c ^ ^ for cell surface determinants of 

iiX;^ varies according to, ;.. 

i^CT iUi^ the peptide being d^ the stage of the 

" . : 25 ■'• disease::fen^ - 

For solid compositions, conyehtibnad nontoxic solid carriers may be used which 
include; for exam 

stearate, sodium sac^ sucrose* magnesium carbonate, and 

the like. For oral; ad^ composition is 

30 fonned by iricorpbrating any of the nom 

previously listed; krid gene^ one or more peptides 

of the invention, arid more preferably at a concentration of 25%-75%; 
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For a^erpsol admihistratipnj the immunogenic peptides are preferably supplied in 
finely divided fo percentages of 

: b^tid^ 1%-10%. The surfactant must, of course, 

be nontoxic, and preferably soluble in the propellant. Representative of such agents are 
5 ; ; ^ from 6 to 22 cartoon atoms, such as 

c^roicj qc tanoic, laiiric; palmitic; stearic^ jinoleic, linolenic^ bl^einc and ■ oleic acids with 
an ^iphatic polyhydric Mixed esters, such as mixed or 

l ^ T^e balance of the: comppsitipn is ordinarily 

•Vv^^ki A carrier c^ ako be included* as desired, as wth, e.g., l^ci&in for intfanasai 

'." -. ■ "'" ■ '/" V -"^R •' 

Upon immunization with a peptide composition as described herein; via injection, 
^ros^ or other rotfe* the immune system of the host responds to the 

X ^ ; v for the desired antigen, and the host 

J 5 ■ becomes at least partially immune to later infection, or resistant to dWelopirig chronic 
infection, ■ . 

In ^ it may be desirable to combine the pq)tide vaccines of the 

antibody responses to the virus of 

: : 

20 Antigenic peptides may be used to elicit CTL ex vivo, as well, The resulting CTL, 

^1^^^ cm or tumors ^-:p$ti^ts ; -that-do:-iiot 

■^^^f |^ toi -ii pejpiide vaccine 

of ttera^y ^ particular pathogen (infectibus agent or 

25 cells (GTLp) together with a ^urce bf mtigen-presCTtiiig cells (APC) and the appropriate 
i^^^Pg^c peptide. After an app^ri^e incubation ti^ 
• : : :^ph ;the- GTLp .are activated and mature effector GTL; itlw cdls jffe 

; ; back into the p^i^t,^ will destroy their specific toge^ 

; xellOT^ In orfer tp-optii^ze^ 

; 1 Prior to incubation of toe; stipulator cells with the cells to be activated; e g., 
precursor CD8+ cells; an ^p^ pf antigenic peptide is added to the stimulator cell 
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culture, of sufficient quantity to become loaded onto the human Class I molecules to be 
expressed on the surface of the stimulator cells. In the present invention, a sufficient 
amount of about 200, and preferably 200 or more, 

human CJ^ molecules loaded with peptide to be expressed on the surface of 

5 Me 

^; : v 

stimulator cells for a time period sufficient to activate the CD8+ cells. Preferably, the \! 
GD8+ cells are acti\^ted in an antigenrspecific manner. Hie ratio of resting or precursor 
I C©8+ (effteto^ cells may va^ -from individual to ind 

such as the amenability of: an individuals lji^b|^ 
cult^ the native and severity of the disease condition or other ; 

|i ^ treatment modality is used. Preferably, 

^ ; ; cdli^o iS in the range of about 30:1 to $00:1. vliie : 

effector/stiinulator^c^ may be maintained for as long a time as is necessary to ; • 
15 stimulate a therapeutically useable or effective number of CD8+ cells. 

The induction of CTL in vitro requires the specific recognition of peptides that are 
hpMd; to class I molecules ipn APC. The number of specific 

£ ^ APC is crucial for the stimulation of CTL, particularly in 

primary immune responses. While small amounts of pieptide/MHC complexes per cell 
y]S.f;y;0O ^ render a cell susceptible to lysis by CTL, or to stimulate a secondary CTL 

rei^ra activation of a; CTL precursor ^(^ during primary 

reqmres a s^ higher number of jMHC/p^tide complexes Peptide loading of 

!: em histocompatability complex molecules on cells allows the induction of f 

prim^ ^ T lymphocyte responses. Peptide loading of empty major I 
i^0^W:^5 Mhi^^ induction of .primary c^otbxic * . -i; 

T^ 

^ince do not exist for every human MHC allele, it is ; 

: : : a to remove endogenous MHG-associated peptides from 

; followed by loading the resulting empty MHC molecules with the 

3$ The use ofhon-transfbnried (non-tunibrigenii;); non 

desirable for the 

^esigp of CTL induction protoc^ directed tbwanis development of ex vivo CTL 
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therapies . This application discloses methods for stripping the endogenous MHC- 


A stable MHC class I molecule is a trimeric complex fo following • 

elements: 1) a peptide usually of 8 - 1 0 residues; 2) a tr^ 
5 protein chain 

rion-polymoiphic light ch^, p2microglobulin. Removing the boimd p^tides : 

> : ^dissociating^ 
If ; ; pno^^ 

■) Q isolated from PBMCs have endogenous peptides bbund to theni^ the Srst step 

10 is to remove all endogenous peptides bound to MHG class I molecules oh the APC 

without causing their degradation before exogenous peptides added to them. ■ : ; 

Two possible ways to free up MHG class I molecules ofcb 
lowering the culture temperatwe ^rh 37°G to 2<5°C 6\H^^ 

P2microglobulin and stripping the endogenous p^tides torn the cell using a mild acid 
15 treatment. The methods release previously bound peptides into: the extracellular 

environment allowing new exogenous peptides to tuihii to the empty cl^s J; molecules- 
; enables exogenous pej^ efficiently 

to the MHG complex, but requires an overnight incubatioiji at 2^?G ^ 
; belles metabolic rate. It is also likely that cells not actively syntte 
2Q (e.g. , resting PBMG) would not produce high am 
: by the cold temperature procedure. 

Harsh acid stripping involves extraction of the peptide^ wi^ ; 
i: pH 2, or iacid denaturation of the immunoaffinity purified class I-peptide complexes. 
Thesemethods are not feasible for CTL induction, since it is important to remove the 
25 endogenous peptides while preserving APC viability and an optim^ metabolic state 
^chism 

v citrate-phosphate buffers have been used to identify endogenous p^ 
'f'f& ti& The treatment is especially efi&^^ 

: ; : : ^ffl^ I molecules are destabilized (and associated jpepti^ while bther 

MHCclassII^ 

treatment of cells with the mild acid solutions do not affect the cell's viability or 
S ^ state. The mild acid treatment is rapid since the stripping of the endogenous 

f ^peptides 4°C and the APC is ready to perform its function after 
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the appropriate peptides are loaded. The technique is utilized herein to make peptide- 
specific APCs for the generation of primaiy antigen-specific CTL. TC^ are 
efficient in inducing peptide-specific CD8+ CTL. 

Activated GD8+ cells may ]be effectively s^ 
x 5 one of a variety of known methods. For example, m 

stimulator cells, for the peptides loaded cells; or for the (or 

a segment thereof) maybe utilized to bind their appropriate Mmplementary ligaaid. 
Antibody-tagged molecules m^ then b 
^ : a^^ 

• >4-:xl0r immunoassay methods. - : 

Effective, cytotoxic founts of the activated CD8+ ceUs pan iv m 
; vitro ahd in vivo uses, as well as with the amoiiht au^ ceils that are the ultimate i- 

; target of these killer cells. The amount will ^sio ^iy depending^ 

: ; P 

15 practitioner. Preferably, however, about 1 X 10 6 to about 1 X 10 12 , more preferably shout 
1 X 10 8 to about 1 X 10 u , and even more preferably, about 1 X 1 0 9 to; about 1 X 10 10 in- 
activated CD8+ cells are utihzedfor adult h^ 
cells used ; in mice. 

Preferably, as discussed above, the activated OT>8+ cells rce ha 

20 cell ^ to administration of the GD8+ cells to the indi\ddual b«iig treatoi. It is : 

: ; 

v; ; the;presem method uses a cell culture system that is not tumorigenic. Therefore, if i 
complete separation of stimulator cells Md activated 

no ii&erent danger known to be associated wtii the ad^nistratioh of i small numbw of 
25 stimulator cells, whereas administration of maimrialian tumorrpromoting cells may be 

extremely hazardous. ■ . ■ 

Methods of re-introducing cellular components are known in the art and include 

U.S; Patent No. 4,690,915 to Rosenberg. For example, administration of activated CD8+ 
30 infusion is appropriate. 
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Use of Peptide Epitopes as Diagnostic Agents for Evahw 
in 

be used as reagents to evaluate mimi^^ 
be induced by ariy inm 
5 production of aiitigenrspeci 

employed ^ toe reagent; Thus; a peptide p£ the invention^ 
immuhbgem Assay systems that can be tii^ 
protocols* stairung fo^^ 

assays. ; '• : ' '' : ; ■ ^ : - : ^-\:- '^^Sr^^'^^Vy. ; ; V. -\ 

10 : -E ;a:i^i^^ 

] inyMtic^ 

cells for tiie presence is used! 

to directly Visu^ize mtigra 
antigen-spetific GTLs in a san^le of pOTphe^ 
15 et cd y Science 

A tetramer reagent comprise 
A peptide binds to 
HLAhea^ 

is biotinylated at the carbbxyl terminal ehdiof ^ at ia site that }wM^ 

20 previously i engiheerdd into the; protdiri; ! Teti^ei^ indiiciwl by iadding • 

strept^dra^ ^ 

used to stain antigen-specific cells. The labeled cells are then readily identified^ 
flow cytometry. Such procedures are iise^ 
identified by the procedure can be used for Aerapeutic pl^osies/ 
25 ■ P 

responses, (iee; ^ 

Exp. Med, 174:1565-1570, 1991.) For example, aTO 

expressing a disease-associated antigen (e.g. a turn such as CEA^ 

p53, MAGE2/3,HER2neu, or an organism associateid with neoplasia such as HPV or 
30 HSV) Cian be analyzed for the presence of aritigen^sp&ifo 

peptides . A blood sample containing mononuclear cells may be evaluated by cultivating : 
the PiBMGs and stimulating the cells with a peptide pf the invention. After ah appropriate 
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cultivation period; the eb^ 
or for HTL activity « : 

ThuSj the p^tides can be used ^ 
obtained fmm a patiert yaccin^ 
5 as those described herein, l^e patient is HL peptide ^ are bound 

by Uie HL A moiecule(s) present in that patient are selected for analysis. The 
: immun^ ^r;'^r--. 
directed to epitopes piraeirtm 
The peptides' ^ 

■>W^fM lO^n^^^W^. w^lllS^ , . 

• ' Wiley/Greene, NY; dxid Antibodies A laboratory Manual H^l^ 
Cold Spring Harbor Laboratory Press, 1989). Such antibodi^ as reagents to 

determine the presence of 
Antibodies in this c^egp 
15 molecule, / an^ 

All publications and patOTt applica \ •,, 

incorporated:^ 

specifically and individually indicated to be incorporated by reference;; 
; 20 Although the foregbmg ihyentipn has been described in some detail by way of 

illustration ^dex^plefor^^ readily 
■ apparent to one of ordinary skill in the art in light of ^ 
certain changes and modifications may be made thereto 
• or scope of the apprad^ cla^l^^^^^^^v^^ 

V; ' . - EXAMPLES : • 
The following examples ^ provided 
of limitation; Tlipsd of 

parameters that could be <Aahg^w yield essentially similar results. 

30: t: • •• : /•/ •.• : . \ \\ [ . - : • 

'; Example 1 

Class I antigen isolation was carried outas desqibdd in ^ 
noted above. Naturally processed peptides were thda 


WO 01/00225 


41 


PCT/USOO/17842 


there. An allele-specific motif and algorithms we^ determinied and quantitative binding 
assays were earned out, ■ 

; Using the motifs identified: above for HLA-A2.1 motif, which also corresponds to 
the HLA-A2 supennotif, amino acid sequences from a number ofantigens were analyzed 
for the presence of these motife. Tables 5 and 6 provide the result of Aese se^hes^^ . 
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Peptide 

Sequence 

Source 

h*Q2Ql 

1302.01 
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FPTPAAPI 

FiPAAPAPi 

FPAPAPSI 

FPAPSWPX 

FPAPSWPL 

FPAiiNKMi; 

FPSAPPHRI 

FPHRWCIPi ; 

FPAYSGREI 

FPVSPRLQI 

FwsPRLdii; 

FPPAQYSWL;: 
FPQQHTOVX . 

fpqqhtqvl; > 

•FPt^LSFS 

;: : FPT^IiSI ; :;-::- 
FPLNNTOPI :y 
FPLNNTC 

• Fpsx3VKPDi : ;^; 

: \FPSGVI^pii : ;,^' 
FPpLSYOTi;; 
'F^LTSi|sA : ' : ;.' 

FPLTsiisi 

: EPLTPSGAI. 
: FPLTPSGAi. 

: fpltpsgam; : . 
fpnqAqhri ; 

FPKANraii 
PPKANKEILi 
FI>QPPICTI: 

FPLAPSEGA 
FPLAPSEGI 

: FPTHDPSPI ; :: 

FPTTOPSPL rt 

FPSETTOYV 
FPREGPIipX ; : 
FPREGPLiPI 
FjPLP^WliPA 
< FPLPAARP.l, .: 

• FPA^i^ipi ; 

-V:FPAMP^| : ;|: 
iFPQPHPPPA;i: 

fpqphpppix ; 

FPPPAFSPA 

FPPPAFSPI; 

TPISHLYII 
; FPISiC^IL • 

FPKTGLLli ; 
; FPHIS YPPL 

FPCTMjjYPI;; 

FPCTMNYPL : 
LPTTMNYPI 
FPIGHLYII 7 : 
FPHISYPPlj : 

: fppvapapi ; 

FPAAPTPAA ; 
FPAAPTPAX 
FPILTIITi; . 
FPILTIITL ; 
FPPHRWCIPI 


P53 

: p53 

P53 
p53 
P 53 
p53 
CEA 


79.F1I8 
81.F1I8 
84.F1I8 
86 .FIT 8 
86 . Fl 
127.F1I8 
3.F1I9 
CEA. 7 : F1I9 
CEA.92.F1 
CEA 363 .F1I9 
CEAV363 
CEA ^ 442 
CEA. 632 
CEA; 632 
Her2/neu 


f 1 ; 

Fl 

F1I9 

Fl : 

65 . Fl 


;H^2/neu ; 65 i F1I9 
■;VHer2'/nieii :: ; 121\ Fii9 ; 
Her2/neu . 121 . Fl 
^Her2/neu :600 /FITS / 
; Her2 / neu . 6 6 p ; F 1 
; : Her 2 / neu . 60 5 . F 1 
Her2/neu. 649. Fl 
HER2/neii . 649 . F1I9 
Her2/neu.698 .19 
Her2/rieu.698.:FlI9 
Her2/neu.698. Fl 
Her^ 

;Her2/neu.760. F1I9 
Her2yfneu .760. Fl 
Her2/neii .941.F1 
Her2/neu.i073.Fl 
Her2 /lieu . 107 3 . Fl 1 9 
Her2/neu . 1101. FIT 9 

:Her2/neu.ll01.Fl 
Her27neu. 1120 . F1T9 
Her2 /neu. 1120 .Fl 

: Her2/rieu .1151.F1 
HER2/neu. 1151.F1I9 
Her2/neu. 115 5 . F 1 ; 

; HER2/rieu . 1155 . F1I9 
Her2/neu.ll57.Fl 

]{fHer2/neUvl2(>i . F l ' 

; Heri/rieui 1204. F1I9 

Her2 /neii,120 8 . Fl 

Her 2 /neu. 12 0 8 . F1I 9 
; ; MMEZ.17d> : FlI9 • 

MAGE2 J 17 0 . Fl ; 

MAGE2.196.F1 : . 

MAGE2.;2?6;F1 

MAGE3.71.F1I9 

:MAG^3 : ; : 71;F1^^^ 
', MAGE3 . 71. I9 : 

MAGE3.17P.F1I9 
• :MAGE3.296.F1I9 

p53;;70.FlI9 

p53.76.Fi : 

:p53;,76.Fif9 

p53V249wFlI9 

p53.249.Fl ; 

CEA.6.F1I10 


0:, 
0, 
0. 
0. 
0. 
0 : . 

•;;.0:. 

: % 


.061 
.26 
.038 
.046 
.53 
.017 
.11 
; : 2:: : - • 
2 .6 ' 
0.41 
8^3; 
0.042 
1.6 

.•3., 

.; 2". •;;•; 
..4- : ; : . ; 


6. 
5. 
1. 

3-« 
30; 

d^8:e; ; ; : 


9. 

6. 

0; 
0. 

0... 

: 5, 
2 

P- 
0:; 
0. 
0. 
0. 


- : ; 

.;25.V' 
id 19 

;026 

.017 : 
.8 
•8 

iioai 

^65\ 
.82 
.28 
.015 
0.055 
0.051 
0.55 
0.025 
0.027 
19: 

•i7-r^V. : ; 

0 .16 

0.84 ; 

0.068: 

0.59 ;• 
0.053 
0.073 
0.12 ; 
.41 : 
..;9;- : ',:';. 
.:5-: • 

.015; 

-3.3'"; •;;.•; 

.0 .094 : 
0. 86: i 
:0v055 
'IV 6 

1V9 ; 

0,02 

.3 ; ' 

.1 : ; 

.074 

.056 


3 
2 
5 
5 
5 
3 
,4 
;:-5; 
: 3; 

; : ;;4-.' 

x;'; : '4 : - 
:; 2 
5 
5 

7a-\ 

. - 5 -: 

> 5 

'/A, 
-'.3'. 

: , : .:2:: 

■■3 

"::5 V - 

•2. 
3 

•;.'.-4 ; 

5 
3 

•3 
5 
2 
4 
4 
3 
:. 4 
3 

-2-[ 

\ 

"■ 

. V '2;- 
; ::3: 
.^3 . 

■A 

4 : 

3 
5 

5; 

4 ; : 
'..5 
.5 

: .;5 ' 
•■•5 

;,s 

5 . 

3 
3 

•5 
s 

5 

:3'.; 
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PCTAJfSOO/17842 




.0132 

■■ .'F-PWQRIiliJaT 1 

GEA. 13 . F1I10 

o 

.019 


: . 48 


NPP1 lAJUjiJ. 

GEA. 29 

0 

. 019 


,48 

.0134 

T?nAtrT rnvc T ■ 
FPQriijr bibi 

GEA. 58 - Fill 0 

':, o 

.024 


: 48 

.01 35 

FPDAPT 1 o P I 

GEA. 23 6 . FIIIO 


.03 ; 

■■ ■■■■0- 'V; 

: : i',: : 48; 

.0136 

.. .FPDAPTISPIi 

CEA. 236 .Fl 

■ o 

.iSi: . 



^0138 

; .r-PQQHTQVJjr 

CEA. 632 . Fl 

0 

.12 ; 



:pi39 

FPQQHTQVLI 

CEA. 63 2 .Fill 0 

0 

.041 


•• : .:48; 

.014 

FPGIjSAGAT I 

CEA. 680 . Fl 

0 

.026 


48! 

;0141 : 

: : FPTNASLiS FX 

He r 2 /neu . 65 v Fill 0 

0 

; 04 6 

^rfix^x 

IV . .;. 

: 48,0142 

. ■ fptnaslsfl 

Her2 /neu . 65 . Fl 

x 6 

.3i; : x- : 


4 8 

.0143 

TmnrtT Tint ■■ 

• FPGGLREIiQ I 

Her2/neu. 133 .F1I10 

0 

.018 


5;;;;48; 

^0l4;5x'; ; ;; : ;;; 

: ; r*PMCKGSRCI 

He r 2 / neu ♦ 1 9 6 . F 1 

0 

.03 


•48 

.- 014*5: 

FPNPEGRYTI 

Her2/neu ; 282 . Fl 

o 

.017 


;-- : 48 

,pi4 9 ■>;/■' 

FPCARVG YGIi: 

Her2/neu. 336;?;F1 

0 

. 029 

1 ^ 
1? 

•48 

.015 

FPHQALIjHTA 

Her 2 / neu i 4 8 8 Fl 

0 

. 014 


: 48 


FPHQAIjJjHTI 

Her2/heii , 48 8 . F1I10 

0 

.064 


••V:,48: 

;:;Q15;^|;-:; : 

FPAEQRASPI: 

He r 2 / heu . 6 42 . F 1 1 1 0 

1 

.8 


■■08: 

w:6is4-.i' : 

FPAEQRASPL :. 

: Her 2 /neu. 642 . Fl I ••. 

. V 3 

• 8. i ; " 

:Xy;:; : ; 

{t:4 ; '8; 

•0155 

FPLTSIISAI 

: Her2/rieu .649 .Fill 0 

p 

.024 

:;l|i8; 

.pise: 

FPLTS I IS AV x 

He r 2 / neu /6 4 9 . F i . '. ■ 

..''•o :; . 

.025 


li:! 

i0157 

■, : FPSGAMPNQ I 

Her 2 /neu. 701.F1 

0 

.024 


48 

. 6i58 : . 

■ FPNQAQMRI I . 

He r 2 /neu .706 . F 1 11 0 

6 

.019 


48 

.0159 

. FPNQAQMR I L 

Her 2 /neu . 706 . ?! 

0 

. 068 


48 


: FPYVSRLLG I 

He r 2 /neu ; 779 . F 1 

0 

.049 

48 

.0162 

FPYGCLLDHV 

Her2/neu > 801 . Fl 

0 

. 01 


48 

.0163 

, FPASPLDSTF ; 

Her2 /neu . 995 . Fl 

1 

.5 


-48 

.0164 

FPASPLDSTI 

Her2/neu . 995 . F1I10 ; 

0 

.28 


48 

,0165 v 

: x FPREGPLPAA 

Her? /neu . 1 151 . Fl 

0 

.13 


; 48 

.0166 

FpREGPLPAI 

HER2 / neu .11 5 1 . Fl I 1 0 

0 

.27 

48 

.0167 

FPQPHPPPAF 

Her 2 /neu. 12 04 .Fl 

0 

.026 


48 

.0168 

FPQPHPPPAI 

He r 2 / neii . 12 0 4; . F 1110 

0 

.011 


48.0169 

FP PP AFS PAF ; 

Her2 /neu .12 08 .Fl 

0 

.02 


; 4 8 ;:0172 

: : FPISHLYILI 

MAGE 2 . 170 . FIIIO 

o 

.057 


•i:i;48: 


FPISHLYILV 

MAGE2 . 170 . Fl 

0 

.053 

: 48 

.0176 

FPRKLIjMQDI 

MAGE2 .241 . F1I10 ; 

.1 

. 1 


; :i8 

.0177 

: r PKKLjLiMQDL .• 

MAGE2 . 2 4 1 ; Fl: 

0 

• 91 


48 

.0179 

FPTTMNYPLW 

MAGE3 . 71 . Fl , 

0 

.025 


48 

.018 ; 

FPIGHLYIFA 

MAGE 3 . 1 7 0 Fl 

0 

.14 

AO 

; 48 

.0181 

; ; FPIGHltYIFI : 

MAGE 3 . 170 . FIIIO 

0 

.087 

i 48.0182 Mi-. 

. ;FP KAGLiLi 1 1 1 

MAGE3. 196 ; FIIIO 

0 

• 027 


i8>oi83:; % 


MAGE3.196.F1 

0 

.025 



vb.i84;-;;: : ::iv: 

r PPVAPAPAA . . 

p53 . 70 . Fl 

0 

.oil 


•48, 0185 

. £ trr V AP APA J. , 

pb J .70 .til 10 

0 . 

.019 


48 

.0186 : 

:. rr PAPAAiTlPA : 

pb J . 7 4 « Fl : 

■ ■ ■ . .7;, 

. 2 

48 

;0187 : 

: :r:fc* APAAi* 1 PX : 

pbJ .74 .FIX 10 

■ • ; y 3 . 

.7 


48 

.0188 

FPTPAAPAPI 

p53.79.Fl 

0 , 

. 011 


48 

. 0189 : .. 

FPAPAPSWPI 

p53 .84 .F1I10 

0 , 

. 44 


:-;;;:48- 

.019 

FPAPAPSWPL 

p53 ;;84 . F1 

1 . 

. 3 

SO 

vfV x. 

48 

.0191 ' 

■ FPSWPLSSSI 

p53 ;88;FlIl6 ; 1 

1 


. 48 

.0192 


p53.88.Fl ! 1 

1 . 

, 7 ."■ 


48 

.•.0195:- ; ; : ;:' : 

: : ;:FPPGSTKRAI 

p53;299.Flli6 

0 , 

,026 


48 

y0201 : .,;v :; 

FPSGVKPDLSI 

Her 2 /neu . 6 0 0 ; Fl 1 1 1 

. 0. 

. 028 


:. : -4 : 8. : 

$203 ; 

. : ; ; ;>V : -;FPLI'SI I S AV I Her 2 /neu . 64 9; . Fl 111 

■fl 

o.. 

01b 


•V. : ;48- 

;020:6 

: . FP^GIPAREI^^H^ 

. .'ft. 

v . 


:55-: 

08 

:0207 

; : FPRFRELVSEF Her2 /neuiv 9 6 6 V Fl 

0. 

071 


}08 

;J:;b2 : b8;i:;sO 

:F 

Her2/neu.96 6 .Fl 111 

.0. 

024 


08 

.020? ; 

: : ;:FPLDSTFYRSI Her2/heu . 998 . F1I11 ..; 

0. 

024 


0j6 

.Mi^0 

^PLDST^RSh HER2 / heii. 998 .F1 ■ 

■ o< 

13 


■•0:48. 

.:p2ii:J. ; ..:. 

• FPS PREG PLPA He r 2 / iteu . 11 4 9 i Fl 

0. 

078 

60 

%M 

:^2i2^ •;' 

FPS PREGPLP I Her2 /neu Vl 1 49^ Fl 1 1 1 

0. 

029 


: ; 48^0213 ; 

FPLPAARPAGA Her 2 /neu .1155 . Fl 

0. 

025 


2 . ; -; : :' ; ' ■ .: • • 

:; : : -4---X "' . . • - 

'./3; . ;. ; :., \ ; 

• . 3 :; - : : ' : •. 

- 3v : . 

T 4 ^:\x::/-^ : -:V; ; \/^ • " .[ ;,' 
•'• : ;5- '-}■■'■■■ ■:;■;■: 

.; : .'. : ;'3"x-.;: ;:^ : '/ : /v ;• .„ }-■"■'■'■' : ; ; ' 

; • 3 ; ;f - • : ; ' ■•' ■ 
.'5 : -" ;::: ';-. : -. 
, '3';:' • 

. '• . . 

; i^x V; ; • : ; - . • " ' 

;•• '3 \ . ■ - : \ ^ ; . 

■ 3 ' : v: ; :: '. : : :x, _ , : 
5 :'. : v ; :':-:-' . ' x - x . 

■■\4/' x " / - 

",;3' : ' ■ • ; .... . ; ■ ■ 

: : :;4 • v ; • \ . ' 7: 

5 ■ ■ 

• 2;'.. : , v; !' ' . 
•3 ;::V'' ; - ..- 

4 ; ; : : • 

5 • '■ 

5 - y .x x : " : ;'::V'' ;: "' .. . : : 

: ; -2. • ;" r ";;'--,. . . . ^ 

•.•'2:xx;:; : .;: : \:-; y - ; . 7- /;: '.. /J,: 

S 4v; ;: -- : .V- ; -- : : x ■"■ ' \ 'X ;: - 

;: : y ' -\ V/.:" . V .: : - ' 

5 I \ ! ■'• ^ ' • . 

3 ; ' : ■' . 

3 x\v " - .. 

2 ! :V :y' : ".; : .; : V- : •'' " V ' ," 

3 ' ■ J '• • • 

•••.3.; 'v.-- 'v' ;x ;: .. ; : : : - ' • : 
: : .5'.- : : ' ... , ;.. ; : 

■ 3 - / 

, ••'5 : ' : '-\:. -'--.x-: - 

.,•4- .•...••?•••". : , : ; ; 

4 : . x^f:--: '■■^y---: .V 

3 ■■: . v^v- ; . .. : - 


WO01/00225 


50 


.418 . 6215 

FPAARPAGATI Her2 /neu . 1 1 5 7 . F 1 1 1 1 

0, 

,14 

. - "4 

48 0216 

F PAARPAGATL HER2 / neu . 1 1 57; Fl 

1; 

- . 

"." 4 

48 .0219 

FPRKLLMQDIjI MAGE2 . 24 1 . Fl 

d , 

.064 

.3 

48 . 022 

FPRALIETSYI MAGE2 . 274 . F1I11 

0i 

.74,-.;: 

: 4" 

4 8 ; 0221 

FPRALI ETS YV MAGE 2 . 2 7 4 . Fl 

. 0.87 f 

3 

4 8 0223 

FPKAGLLI IVL MAGE 3 . 1 9 6 . Fl 

•• ' : ; o 

.013 

2 

4 8 0224 

F PRALVETSYI MAGE 3 . 27 4 Fl 1 11 

0 

.76 

V, 3 

4 8 0225 

; FPRALVETSYV MAGE3 . 274 .Fl 


.•3'- 

'\€3 

4 8 . 0226 

FPRMPEAAPPI p53 . 63 . F1I11 :; 

:vo : 

:14 

3 

48.0227 

j! FPRMPEAAPPV :p53 . 63 . Fl 

ii - : P. 

.23 

,,.-.- : 3 

48.0228 : 

FPAPAAPTPAA: p53 . 74 . Fl 

0 

.063 

3 

48.023 

FPAAPTPAAPA p53 .76 . Fl; 

0 


-V: 3 

48 ; 02 31 

" FPAAPTPAAPI p53 . 76.F1I11 

0 

.'II-:;:. 


48 .0232 

: FPSQKTYQGSi p53 . 97! . Fl 

: : 0 

.011 

.;: 

48.0233 

: FPALNKMFCQI p53 . 127;. F1I11 

0^017: 

: 2 

1347.02 

LPQHLFGYSW CEA.58 


3.0001 

!=■ "VI 


Table 8 ; 


aa-: 

Sequence 

Source 

B * 0 7 0 2 .;. ■ B *3 5 p 1 : B * 5 1 0 1 


.9 : ■ : 

APIEHIASM 

Flu.RRP2.433 : 

0.52 

: : 1 

9 

APIMFSNKM;. ; . 

Flu. RRP 1.340 

. 0.46 

■ \ ' i; 

10 

APPKQSRMQF 

Flu.RRP3.624 

. 0.23 .: 

,•• • . '.: • . - ••• V|;v;a: 

?..,: 

APSPYNSRF 

FluvNRAM.151 

0.29 ; v 


10 

CPKYVRSAKL 

Flu.HEMA.320 

• 0.016 

•;. '.'-v. : : .'-v'' :; ':.' 1' 

10 

: FPNEVGARIL ■ 

: ; Flu . RRP 3 - 168 

0.015 

."/: : 'l; 

10 

FPSSSYRRPV 

Flu.RRPl.700 

0.26 - . . 

" : ' : "- 1 

9 

GPALSINEL 

Flu . RRP3 . 705 

0.046 


9 

GPATAQMAL 

Flu.RRPl.540 

0.16 

^•/V ' r; ; : ':: : ; : 1;- 

10 

GPDNGAVAVL 

Flu.NRAM.182 

0.0 ii 

: , :;" • -1.- 

10 ; 

GPPCSQRSKF 

Flu . RRP2 .273 

0.02 


: ; ; : 9'. : •; 

GPVHFRNQV : 

Fiu.RRP3 .131 

. 0.077 • : -V,V;,;V; 

• ■ ^v;' : :: ;V:;;'- a, 

9 

IPAEMLASI 

Flu.RRPl.368 

• 0 . 068:;:^;iJr : - 


10 

IPKQKVAGPL 

Flu.NSl.lp6 

. o.i3 •\Cv : ' :;: --" 

; ^ :,' : v. v." "'. ,-''i;Vtll : ; 

9 : . 

IE>SIQSIIGL 

Flu.HEMAv338 

o.pie 

: - ' : : .v' :i Wi--' 

10 

LPACVYGPAV 

Flu.VNUG.276 

0.025 

; ..; v ':::':1 ; 

; : .9v 

: LPFDRTTVM ' . 

Flu.yNUC.418 

? 2 ; : . 

■ - - • ' P : y/,i:'i 

; ::;io.' : 

LPRRSGA^GA 

•Fiu.VNUC.172 

0.072 


••• : 9.:'.' 

;LP3LPGOTA 

: Flu.NS1.163 

0.13 : - ; -.;'f ; V 'I... 


; xo 


liEjlu.H^ 

' 0;027 vYv, 1 


• iq 

• MPAHGPAK^;; 

Flu . ^Pl . 64 6 

• 0.045 - ■ : : ] y^: : :'r:/--'\'. 


9 

NPALRjyii^;V 

Flu.RRP3.42 

0.092 


9 

NPRMFLAMI 

Flu.RRPl.314 

, 0.54 . . ..; < . : ''-.\.V' ' 


9 

QPEWFRNVL > 

: Flu.RRPl.329 

■ 0.22 

- ' ' 

:":9 

RPCFWyEIil ; 

Flu.imAM:404 

0 .082 V • .'>•'.•• " 
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9 

RPLLIEGTA 

Flu.RRPl.393 

0.018 





1 

9 

RPVGISSMV 

Flu;RRP1.707 

0.12 





i 

io 

RPWVSFDQNL 

F;lui.:NI^;286 

0.014 





• 1 

9 

SPGMMMGMF. 

Fiii; ; ;RRPi.404 

0.04 





i/;Ll 

9. 

SPIVPSFDM 

Fiu.yjNue.473 

0.11 





' : :{:1. 

10 

SPKGVEESSi;; 

Flu^. RRPI2 v624 

0 . 026 





''i/i. 

9 

SPLMVAYML 

FluJRRP3 .199 

0.12 





' ■'■■% 

; :io 

SPYNSRFESV 

Flu.NRAM,153 

' 0.13 





" : 1 

10 

TPLGAINSSL 

FlU; HEMA;298 

. •• Q.16 





•; : i 

10 

VPASRYLTDM 

Flu.NSi.84 

0.4 





1 

9 

YPKIYKTYF 

Fiu.RRP3.lll 

0 .15 .." 





1 

9 ,' 

YPldikNSYy 

Flu. Iffi^. 17 5 

0.031 





y.l 

lb 

VFPHGLAFSYI 

HBV pol 541 

i 0.0063 

0.021 ; 

:': ;: '-0;28 : '. 

"■: - : -0vl4 ; -:. 

0 . :: 137 • 

>. 4: 



analog 







B 

• HPAAMPHI 

B7 HBV fix 20 

0.0002 

-0.0003 

0.29 

6. 0009 

0 . 25 ■ . 

■ 2 

9 

HPAAMPHLI 

B7 HBV fix 3 

0.0032 

0.0005 

; 0.034 :. 

• : j: : : 0i-. : b28''-' 

0.61 

3 

10 

IPIPSSWAFI 

HBV env 324 

0.0028 

0.0097 


0.078 

0.018 

•i;/2- 



analog 







8 

LPIFFCLI 

HBV .env .37? ! 

0.0004 

0.0004 

0.45 V: 

0 . 029 

:V:;p . 06 


9 

LPIFFCLWI V 

HBV . eriy . 379 

-0/0001 

0.0031 

0.62 


0.22 

; 3 

9 

LPIHTAELI 

HBV. pol .712 

0.0005 

0.0047 

A^bl'ii- 


0 .0074 

: ; - "2i 

11 

LPIHTAELLAI 

HBV.pbi.712 

0.0015 

0. 0006 


0.023 

|;;:p:i:033 X ;V : 

'7' 3; 

9 

LPSDFFPSI 

HBV core 19 

0.0008 

0 .019 

2.3 

1. 7 ^ 

\ 0-3 

4. 



analog ■ 







9 • 

LPVCAFSSI 

B7 HBV fix 6 

0.017 

0.02 ; : 

' ; -j ;; 'o;3.?x .;• 

V./qVii'-' : - 

0.16 

Vis, 

8 

: SPFLLAQI 

HBV. pol 511 


-0i. 0003 ; 

; 0;;4;8;:'/ 

-6^0001 

•' - : - oV-33:; 

:;:.'3-:i 

10 

TPARVTGGVI 

B7 HBV fix 17 

0 . 02 

-0.0003 

::;Cp : ;.;:033 : ^ : ; 

;;-proooi 

0 .0099 

;'2- 

10 

VPFVQWFVGI \ 

HBV. env : . 340 

-b.oooi 

-0 .0003 : 

■'■\pVol'; '. 

-0.0001 

> : .;:0V:b5 ; ; ;'' 

: 2; 

•• 8 

V YPALMPLI 

HBV.p6i.640 

0.044 

0.003 

0.73 

:' 0.089 :•; 


: ; '4/. 

9 

YPALMPLYI 

B7 HBV fXX 9:: 

0.018 

0.011 

: - : 1.1 


] 0.2 

::4 

s ;:' 

APTLWARI 

HCV. .2869 

0.013 

-0.0003 

0.0054 

■ -o.booi 

0.0007 

1 

9 

FPYLVAYQI ; 

HCV.NS3 .1588 

: a. obi4 

- 0.072 

. p.73 


: : 9.5 

; 4' : , 

: 8 

IPLVGAPI 

HCV.. 13 7: 

0 1 015 

- 0 . 00 0 i i; 


0:0013 

0.093 

;''3 ; : 

10 

IPQAWDMVI 

HCV. El. 340 

0 ; 0008 

0. 0054 


0 i 071 

0 .036 


•10 

; LPAIIiSPGAI 

HCV.NS4.:18W 

•0.0005 

-0; 00031 


-p/oppi 

; ;'o..p67^:; 

: ;:i : ; : 2> 

flO;-: 

LPGCSFSIFI 

HCV .core;;168 

| 0:0005 

p;:0004 : 

; : / : p:>;038;/; 


: : ':bi<bii; . 

••'-2: : ' 

8 

LPRRGPRI 

HCTv..3T-: : r :: V:: V- - 

: 0.11 

> 0,00 03 

. ;: : : :0v;b2;l|:: 

-O.OOOI: 

CK 002:5 

; ; 2 

10 

: YPCTVNFTII 

HW.NS1/E2.62 

3 J ."• '••I:; 

0 . 0008 

•Q. 004 

0^698 

'•': : ;.;i'6.iir : . 

' ;; ;o. ; 23 : :.;- 

3 

8 , 

FPGGLREI 

HER2/neu,133. 

: ; 0 . 025 

-0.0002 

0: 0016 • 

:- 0.0001 

0.0049 

1 
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•8-- : ' : ' . 

FPGGLREL • 

HER2/neuvl33 . ; 

::'; ; 0'.;-17.- ; ', 

0.0005 : . 

-0 .0002 

-0 

.6001 

f-6 . 001 




fi : •' 








.10 

FPGGLRELQL 

Her2/neu.l33 . • 

0.042 

-0;0002V 

^OivOOpl 

0. 

0035 

0.0064 

i 



'FI; 









FPKANKEI :: 

HER2/neu .760 r 

; . /.0;.; 16; 

-o.o 002V 

' 0;. 0Q2 2: ..' 

-0 

.0001 

0 ; 0032 ; 

1 











8 

LPSETDGI 

Her2/neu;il20 

;i8 


-0.0001; 

y': : ':P';; : 0i;l' ; :; / : 

;;:- : p. 

J0002 

0.0003 

2: 

9 .. 

FPISPIETi 

HIV PO L 179 . -0 

0.C?041 

•• 0:2' 

0.2 8 

'; c 

1.54. • 

;6;.3 ; 

A 

9 

FPVRPQVPG 

HIVvnWf.84.G9 

0.0058 

0.095 

0^0001 

0. 

0014 

5; 2 : 

2 

9 > 

FPVRPQVPT i 

HIV.nef .84 . T9 

0.0067 

0.024 

0.0003 ; 

0> 

0002 

:• 5;.4V;. : . : . 

:-2 

9 

FPVRPpVPY 

HIV. rief .84.^9 

0 ;0033 

o.ii 

0.0001 

0 


; 0.0059 ; 



IPIHYCAPI 

HIV eriv 293 


0.0044 

•'•••:0;.;:i5.' J' 

SM 

; 03 a : 

; of 06 ; 3 




analog 








8 

VPLQLPPI 

HIV. rev. 71 • 

: o.ooi 

-0.0003 

0.6501 

-0 

•0001 

3.1 

;2 

9 

YPLASLRSI ... ■ 

; HIV. gag. 507 

0.03 

0.0006 

0.62 

p. 

0092 

0.2 

. 3 

9 

iPYCNYSKY • 

Lassa. Jo si ah ( 

0 .0001 

! 0;;:042 ; 

-0.0002 

0 

; 04 7 

0.0004 

W; 



GP) .361 ■; 








11 

MPKTGLLIIVL 

MAGE2 196 • : 

K0i0099 

0.0018 

0.004 8 

0 

: o5i :: 

0.046 

2 

9 

FPKAGLLII : .: 

MAGE3.196.Fi 

0.0094 

0.0055 

1.0233 

0 

.155 

a; 0665 

■ ,3; 

9 . 

•MPKAMLLII • 

MAGE3 .196.M5 : . 

0.0036 

0.0002 

■: 02 : 

■•::::;•!€ 

>>05 

0.424 

3 

8 ;> 

FPALNKMF 

p53 .127.Fi 

6 ; 020 


0.0003 

; :p; 

0015 

0.0026 

1 

n ; 

FPALNKMFCQL 

; pS3.1?7.Fl . 

0.052 


o.ooi 

6. 

0012 > 

;'.V : 0.02 


. 9 

FPGTRVRAI 

p53>152.Fl 

i : tl 

-0.0002 

0v0083 

0. 

0004 

0.0041 

•;':i : : 

10 

xTPPGSTjKAL •'. 

p53.299.Fli 

0.79 

-0.0003 

0.0009 

-°- 

■0004 • 

^p. 000$ 


? : 

FPQPKKKPIJ 

; p53>315.FlX9 

: o.6i 

^0.0002 

-0.0001 

::-p 

.0003 ; 

i;0^ppp6 

:• 1 


FPCJPIOCKPL; 

p53.315;Fl 

• 2,3 ; 

-Q;0002i 

1-0.0001-;: 

; i iT : p : 

-00Q3 


i 1 

10 : 

: : TPYAGEPAPI 

; Pf - SSP2 539 

So .024: 

; ; p^005l:::' 

: :: : ;v;'6. : 4 8' : ,; ;: 

; ;::: -0 : 

;057 \ 

: 0.065 : 

4 


analog 


identification^ 

5 

sequenced i^m vanpu^ 

presence of these motifs. S CTeerongfwas came^ 
Table 9 provides the results of se^hes of the antigens. 
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Table? 


Peptide ; 

^AA 

Sequence 

/Sburceiv;.:'" 

A*0101 

1373, 

78. ; / 

;• - ; ■8;'-.. 

ASFCGSPY 

' ffiV.pol .166 . 

: 0 

.1000 

1373; 

88 

V.'-li'". • 

. IjTFGRETVLEY 

. HBV.core.i37. . 

p. 

310p 

1388 L 

01:; 

-8'; : >. 

TTGRTSLY 

HBy.pol.798 


.0790; 

13 88. 

02 

" ■ 8 ... ■ 

: : YSLNFMGY 

:'"'<HBV ^ppl : .".5 8 6V 

:0 

.0660: 

1370. 

19 

: ":li;- V: 

■ LADGGCSGGAY ! : 

';• • HCV '^'En £ i re i : '1 3 0 5 : - '■ ■ . 

0 

.4100 

137 . 0 : . 

15 

'■■ :!ltv'" 

liTCGFADLMGY : •; 

Y' ;: - : HCV .Erit:ireyi26: ; ' " 

■\2- 

;3000 

: 1370. 

04 


LTDPiSHI : 

HCV; Ent i re .21 80 : 

.,5'. 

.1000 

1370. 

13 

■ : ' :: ip : "-' 

LVD IIAGYGA 

■ : HCV ; Ent i re .1 85 3 

: 0 

.06 00 

1370. 

;"20/Y". 

11 : 

PTLHGPTPLLY 

:• ; : 'HCV: vEht Ire Y 16 2 1 

.;.;.::>0. 

.0550;: 

: 1370 J 

■ 24 : - 

'■i: --10 

ViOiTLGFGAY 

HCV i' NS 3": : 1 2 6 3 • : 

. o , 

;:i3:66> 

1370:; 

.•Q5.'V 

■*-:; x±.l/:y. 

•-v. -V.-XU liJ l.vvjC-H.-:;:-:.. ' 

■ :7vurr\r - ■:t?«'* i: 4' : v''iv. : -iv' ; y'5 

: : TlL. V: . ISn t X i €| Z 

■ : .V' : "o. 

.1400: 

1404. 

,08 


EPSDKHIEQY ; "; 

•i::V:-Pf:.CSP.;34f^ 

. . ': 0 . 

.0750 

14 04, 

02 


LLACAGIiAY 

'•'••;-;:-Ff. . ssp2;^5ip ; :;:-:; 

s. 

.1000 

1404 . 

, '22 k \ 

:- ;":-8^' . 

LLsmLPY : : 

'•Vpf,SSP2^1^ 

:0\ 

. 0940; 

13 81 : . 

.04 

;':> : - : ;9 ; ;: : i.; 

; PSDKHlEQY 

^Jpf .csp-::f ;', 

: i.7000" 

1381. 

;bi:: 

//';s^:' : . : 

PsbkHIKEY : 

:^:;:;:Pf..CSP : yjrffi7)^ 

1. 

.1000 

1404, 

.05 


'; : '-::'^EENIGIY^ ; -:::f;;; 

;:* : '2:P& 

... • .9 : ; 

.3000 


■ • ' Example 4 

Using the A3 • supenhotif ddscrib^ from ymous pathogens and tumor- 

5 related proteins ^ 

out described in te r^ Table 10 

antigens. 


TablelO 


AA . 

Sequence : > 

.■{Source- 

A*b3pi 

:A*llpl 

;:A*3l01: 

A* 33 01 

A* 

6601 

.A3. 
;XR* 

9 

HVQVLFIAR 

CEA.636.V2R9 

b.ooii 

0.0005:; 

; ' pi; 021 

0 . 096 

. o 

.02: 

:Y2'. 

11 

DLLDTASALYR - ; 

H^V; core; 205 

0.0042 

-0.0003:;; 

v~: : 6 . 0012 

3 .7 

o. 

041 

■r-2 : 

11 

ELLAACFARSR 

: HBV ;ppl ' 72:9 

0. 0062 

: 0.00 16? 

:: 0.02 

0.2 ' 

o 

.16 

■ -2- 

11 

TAELLAACFAR : 


io.opp6 

0.0023 ■ 

: P;i 0066 : : 

; 0.16 

0. 

059 

:.:2. 

11 

TLWKAGILYKR 

HByTjioi:. 150 

0.0082 

0v0095 

" : '/0;t 

•;-;o.ii ■• 

0. 

064 

v3:; 

9 

MLQKEYMER • 

: .;:ijassa-;.gp:. 4.14- ' 

:-0.001 

vio.<i;044 V: 

0.18 

0.15 

. 0 

.24 

•' 3 
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Example 5 . . . 
IdOTtificatipii of iirimiinbgenic peptides 

related p^ 

: 5 out de$cribed ; 

' " ; • :V Antigens. • . _ •' ••. -.^/J' '$'^/j)-$M$W. - ; • :■ ' : ' • -\ry--y. i • : • 


Peptide 

AA : ;. 


: ■.■■Source 

;|A*2402 

1370.64 : 

i : //;'.i;d :: :::;.:; 


: • ;,hcv : NS 4 v .1-7 6 5 ; 


1370.51 

^\ll ; fe 


: HCV Entire 2872 : ; 

y;.- : : ;••().; :b52' 

1370.56 : 



,.;: : ; HCy;;NS4 ; .\a?l 

Vo.068 

137 0.58 

: 9 •' ; : 

RMILMraFF: 

HCV NS5 2875- 

1.1 . : 

137 0.32 

8 

•:.- : TY STYGKF • • •. • 

HCV Entire 12 97 : 

0 . 062 

137 0.40 

8 


HCV Entire ; 263 9 

0.36 

1370.61 

10 

YYRGLPVSVI 

HCV NS3 1422 

0-027 


10 
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WHATTSCLAII^DIS: 

■ . . . ; y'; r the sequences listed in ' Tables 5-11. : : : 

> : ! i A composition of claim 1 , wherein the epitope is j oined to £□! amino a^ ; : 

: ' : ;. - .lrn^pr;!: > ; : " - : ;- : - ... ' • ; ; ; : • - ; . : • 

1 3 ; A composition of claim 1, wherein the epitope is admixed or joinbd to a 

. : • \ : ./;€TIj eipitope. . . ^ " ■■; ^3S^^W^-M^i V' A/.^ •>"■" v'v\' : r^ ! ^- : J : :: -- : f-W. ;^fV'-:' [ vr"'' i k:i I 

4. A composition of claim 1 , wherein the epitope is admixed or joined to an 
HTL epitope. 

J5 . A composition of claim 4, wherein the HTL epitope is a pan4DR binding 

- , _ mbleiciilb:;: v.':':"(: y"/:X ' ... . 

6. A composition of claim 1 , fiiulher com^ a liposome, wherein the 
; -■ epitope is <w ^l; 

v : 7- i A cdmposition of claim 1 , wh^in the epitop is joined to a lipid: 

: ^ composition of is-i heteropolymer. 

9. A composition of claim 1, wherein the epitope is ahomoplymerv 

10. A composition of claim 1 , \yherein the epitope is bound to an HLA heavy 
chain, (} 2rmicrogl6bulin, and strepavidin complex, whereby a tetramer is fonned. "; i 

11; . A composition of claim 1 V further an antigen presenting cell; : | 

; w^ or within the antigen presrating cell. 


WO 01/00225 


56 


PCT/US0p/17«42 


12. A composition of claim 1 1 , wherein the epitope is found to an HLA 
molecule on the antigen presenting cell, whereby when an A2-restricted cytotoxic 
lymphocyte (GTti) is presenity-a receptor of th^ 

molecule a^d the epitope. " '. 

13. A compoisition of claim 1 1 ; wherein the antigen preseritihg cell is 'a- : v:;>V\-' 
denfetiCiCelli; - : ". ' : \ •"■ ; '' : ; " \ V: -p- PpWP i--'-; "C "V"; :-C :: . £ 

x; 1:4 : ; A niefo 
ai^igeh in a pa^ 

contacting cytoto^c T cells jfi^iri the patient with a composition comp 
immunogenic peptide sel^ 
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